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@ Let there be light- 

and plenty of it—was 

clearly the objective in 

designing this beautiful 

new bank, largest of 

Manufacturers Trust 

Company’s 111 metropolitan New York branches, recently opened at Fifth 

Avenue and 43rd Street. The $3-million building, with its five floors enclosed 

in huge glass panes, has a jen my inviting look, reflecting the fact that 

banking is a selling service—and this one has the largest showcase in town. 
No matter what the design, concrete helps give enduring substance to the 

designer’s creation, and somewhere on every job ‘Incor’ 24-Hour Cement 

fits in, to speed concreting and minimize costs. Here, much of the work was 

done in cold weather, and ‘Incor’ concrete was used in the 28-ft.-span east- 

west joist construction with 10-ft. cantilever on Fifth Avenue, in fireproofing, 

and in the massive vault on the main floor. 


Regardless of building type: an ‘Incor’* schedule usually shows the lowest 
cost, ~~ - up to two-thirds on forms through faster re-use, with the added 
Winter advantage of eliminating frost risks with only one day’s heat- 

rotection instead of the usual 3 to 5 days. It pays to use America’s FIRST 
Pigh early strength Portland cement, for summer speed in winter work ... 
for quality concrete at lowest cost. *Reg. U. S. Pat. Off. 
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The ACI Journau technical pages are a 
medium for reporting what is of current interest 
in the conerete field: in research, design, con- 
struction, maintenance, or manufacturing. Mem 
bers and readers are urged to “have their say”’ 
as a means of sharing knowledge and experience; 
time and changing interests demand that new 
names and new ideas take their places beside 
the old. Contributions describing new materials 
and techniques or new applications of familiar 
practices are welcomed by the Institute 

To guide the flow of material the Board of 
Direction has assigned to the Technical Activi 
ties Committee the selection of papers, com- 
mittee reports, discussions, and other contri- 
butions for JouRNAL publication. ‘To assist in 
their technical appraisal a corps of experts in 
various segments of the field volunteer their 
services. From the technical standpoint, accept 
able contributions present original material for 
improvement of design, manufacturing, or con 
struction; confirm, revise, or upset established 
ideas or practices; or review, digest, or arrange 
accumulated experience for more ready use 

(General considerations by TAC are whether 
the contribution will be of interest and service, 
will fit into a well-balanced publications schedule 
and can be published at reasonable expense to 
the Institute 

‘To expedite appraisal and publication, if 
accepted, contributors are requested to furnish 
glossy prints or inked tracings of illustrations 
accompanying manuscripts submitted for con 
sideration. Further details of form and physical 
arrangement of contributions begin on p. 14 
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Shear Strength of Reinforced Concrete 


Part 1—Tests of Simple Beams 
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SYNOPSIS 


INTRODUCTION 


The problem ol rie trength and beha ) ) | forced conerete beam 
subye ect to combines rand flexi is ] ( ae! ) itfention in 
t he past Studie rrisne 1) 1 ihbeommitt ! ti ( oud 1) yn ol 
the ASCE Com 
evel that availab wrimenta 

| 


Discussion triplicate 
p 





inconclusive and inadequate for predicting the ultimate strength of such 


beam \t the time these committee studies were made, the only equation 


ivailable for predicting the ultimate strength of reinforced conerete beams 
failing in shear was that developed by Moretto® on the basis of his tests of 
imple beams.” It was considered desirable to find out whether Moretto’s 
equation or some other « quation ol imilar t pe is applicable also to restrained 
beam With this in mind, a cooperative investigation was started in 1950 
at the University of Ilinois under the sponsorship of the Reinforced Concrete 
Research Council and the Bureau of Public Roads 

Preliminary truce of the result of these tests indicated that neither 
\loretto’s equation nor any other equation of similar type was generally appli 
cable: the results indicated also a need for coverage of a wider range of vari 
ible Therefore, in 195 the test program Tor the investigation of restrained 
beams was extended \ltogether, test vere made on 96 restrained beam 
ind 14 simple beam In addition, during 1951-52 tests were made on 2S 
imple beams as 4 part ol the regular research work in the Department 0 
Theoretical and Applied Mechanics of the University of Illinois The tests 
of the latter investigation form a useful supplement to the tests made as a 
part of the cooperative project 

tesults of the complete investigation are reported in four parts; the tests 
and their results are reported in the first three parts and analyzed in the 
fourth Data from the tests of 40 imple beams without web reinforcement 
ind 2 with web reinforcement are presented in Part 1. Part 2 includes data 


) 


on tests of GL restrained beams without web reinforcement: Part 3) includes 


results of the tests of 35 restrained beams with web reinforcement; and Part 4 
includes a theoretical analysis of ultimate shear strength and comparisons ol 
the analysl with test data obtained from this and several earher investignu- 
tion ' Part 4 also includes empirical equations for predicting loads at 


vhich diagonal tension crack born 


SPECIMENS, EQUIPMENT, AND TEST PROCEDURES 
Test program and specimens 
Phe tests of 42 simple 
prising Td simple beam 


rere \ 


COTpre or forcement 


tirrup remaining 





HEA IREINNGIW 


it Sin. long and 7 x 12 


tension onl 


All specimens of this senes were rectangular beams 6 in 
straight bars in 


2 Conerete strength 


Serue 1 


in cross section (Fig. Ib). The beams were reinforced with 
Percentage of reinforcement and bar sizes were varied as shown in Table 
idditional variable 

All specimens of this series were rectangular beams 10 ft long and 6x 12 in. i 


They 


percentage ol cement paste 


Wits “anh 
NETLES B 


cross section (f iz. Ie) 


were reinforced with two #7 bars in tension onl ype of 


water ratio ind ft po of curing were the major 


mn oith Table 3 


cement, cement 


variables as show 
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Fig. 1—Details of beams and testing arrangements 
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Materials 
Beams of Series Il] and A were made with ‘J | portland eemet 
made with ‘| ype | ind l pe II! portland cements as shown in | ib 
made with Wabash River torpedo sand and Wabash River gravel 
sand and gravel were 2.65 and 2.70, respectively, the fineness modulu 
and the maximum size of gravel was | in Soth aggregates passed 
\verage properties of the concrete mixtures are given in Table 4 
individual beams are presented with the beam test results in Tab 
Deformed bars of intermediate grade steel meeting ASTM 
used for all longitudinal and web reinforcement. Control test 
only for Series II], and the results are given in Table 5 
beams of Series A and B; such tests were not needed sing 


In any corre sponding beam test 


Fabrication of specimens 


All bee ims were cast in steel form The bottom bas 
forms on steel chau The top bars for Series TEL we 
For beams with web reinforcement, the reinforcement 
placed In the torms 

The concrete was mixed in nontilting horizontal dr 
batching was done by weight. The concrete was place 


vibrators Forms were removed one da | ting 


L 


then subjected to wet curing for 6 da 
testing took place i " ! ipproximatel 28 du 
either to “dr or to “w curing. The dry « 1 beams were 
the forms were removed; i rl vas covered with building paper 
tion ol morsture The 
lnborator 

t saturated condition unde 

Three 6x In. Control ¢ inders were mac 
were Cast in 1 lorm Liit eonere 
The eylinder \ ! 1 ! entieal 


ponding beam 


TABLE 5—PHYSICAL PROPERTIES OF REINFORCEMENT—SERIES III* 
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Test equipment and procedures 

All beams were tested in a 300,000-Ib Olsen machine of the beam type In Series 
load was applied at the third-points of an &ft span, in Series A at the center of a! 
span, and in Series Boat the third-points of a 9-ft span. Details of the test apparatus 
hown in Fig. J 

In Series IIT, the load was usually applied in 5000- or 10,000-lb increments until failure 
\fter each increment the machine was operated intermittently to maintain the load constant 
while cracking and creep of the concrete proceeded. After the load was stabilized, strains in 
the tension and web reinforcement, strains on the top suriace of the beam, and deflections 
were measured, and crack patterns were ne ted Deflections were measured at midspan ind 
it the load points with the aid of a frame mounted on the beam over the supports and equipped 
vith O.OOl-in. dial indicators. Strains were measured with SR-4 electric resistance strain 
ues connected to a Baldwin Sh-4 strain indicator through i switch box _ yo A-11 J-in 
gages were mounted on the tension steel near midspan and on the web reinforcement after the 
concrete had hardened; for this purpose core holes were provided in the concrete during cast 
ing. Type A-9 6-in. gages were attached to the top surface of the beam near midspan a fe 
days before testing. Total testing time varied from 1 to 4 hi 

In Series A, the load was applied in 1000-Ib increments until failure Deflections at mid 
span were measured after each increment with a O.0Ol-in. dial gage bearing against the bed 
of the testing machine. The progress of cracking and the phenomenon of failure were observed 
visually 

In Series B, the load was applied in 1O00-Ib increments until failure. Strains in the tensile 
reinforcement at midspan were measured in a similar way as in beams of Series [II]. The 


progress of cl king and the ph nomenon of failure were observed visuall 


TEST RESULTS 


Results of the tests are summarized in Table 6 which includes the average 
concrete strength f.’, the loads at the formation of the initial diagonal tension 
crack P., the failure loads 7?’?,, and the critical steel stresses at failure f,. In 
addition, the table includes the nominal shearing stress v. and the ratios of 
the nominal shearing stresses v,, and v, to the concrete strength f,’ 


Concrete strengths given in Table 6 are the average values determined 


from the tests of all control eylinders made with any particular beam. Crack- 


ing loads P?, were determined from the load-deflection curves for beams with- 
out stirrups and from load-stirrup strain curves for beams with stirrups 

For beams of Series B, such curves were not available, and the loads 7’, re- 
corded in Table 6 are based on visual observations of cracking. The failure 
loads /’,, were measured by the testing machine. The critical steel stresses 
were obtained from steel strains measured at midspan. They represent 
average quantities which, if multiplied by the total area of the tension rein- 
forcement, give the tensile force in the steel at sections at which failure oc- 
curred, Since the determination of f, involved strains measured at sections 
other than the critical, f, is an approximate value which should be used onl) 
as a guide. Nominal shearing stresses », and v, were computed from the 
equation ¢ SV /7hd, in which V is the maximum shear corresponding to 


*L_oad-deflection and loac 
tThe critical stresses 
aged and extrapolatec 
the average strains for midspan were the 
at midapan These critical strains wer 
from tests of coupons 





the appropriate Val f load 2? 


the effeetive depth of the beam 
Load-deflection and = load-stirrup train 

presented in hig. 2 and 3: a few represent 

shown in Fig. 4 and 5 

Behavior prior to formation of diagonal cracks 


The beha ior of all bean Viis ¢ enti 


TABLE 6—TEST RESULTS 





324 


‘Tension crack were Initiated on the bottom surface of the beams and spre ad 
vertically upward \s the loud increased, tension cracks located between thi 
upport and the nearest load point curved toward the load point hig. 5 
During thy initisal development of tension eracks the beams behaved as 


would bye expected hor any reinforced eoncrete fle xural member ¢1 icked In 





(a) Series Ml 


Ml- 30 
I/l- 26 a 
With Stirrups- M-29b 
M-28b 
cM-25b 
e M-276 


Bars with Without 
Hooks Stirrups 


L W)-24 b »fV Straight 
Bars 














(b) Series A 
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Midspan Deflection 











Fig. 2—Load-deflection curves 
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Fig. 3—Load-stirrup strain curves 
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Beam III-25a 


Beam III-27b 


Beam III-28b (no com- 


pression reinforcement) 


Beam III-31 (with 


web reinforcement) 


Fig. 4—Beams of Series Ill after 
failure 








Fig. 5—Beams of Series B after 
failure 


Beam B-14 


Beam B-6 


tension. This stage of behavior was ended when inclined cracks, hereaftes 
called initial diagonal tension cracks, formed 

The presence of web reinforcement had no important effect on the behavior 
of beams prior to the formation of initial diagonal tension cracks. ‘This ts 
illustrated in Fig. 2 and 3 which show that throughout this range of load 


ing (1) the load-deflection curves were parallel for comparable beams with 


and without stirrups and (2) the strains in the stirrups were practically equal 
to zero 


Initial diagonal tension cracking 

For the purposes of this paper, a diagonal tension crack is defined as a 
major inclined crack; this crack causes a significant redistribution of internal 
stresses.* Several diagonal tension cracks may form in a beam before the 
ultimate load is reached The one which forms first is called the initial diag- 
onal tension crack and the corresponding load is called the initial diagonal 
tension cracking load 

Diagonal tension cracks observed in these tests had certain common chat 
acteristics by which they could be distinguished from ordinary tension cracks 


*The phenomenon of redistribution of interna tresse | ed 





In all beams the diagonal tension cracks were initiated at or above the ten 
sion reinforcement and were inclined from their Inception \s the load in 
creased, the diagonal tension cracks developed further at hoth+ nas At one 
end they extended toward the load point usually pussing OVE! the ends of the 
tension cracks \t the other end (located near the tension steel) they either 
crossed the reinforcement at an angle of between 30 and 60 deg as illustrated 
in Fig. 4 or extended along the tension reinforcement causing horizontal 
splitting illustrated in hig D In a few beam the dingonal tension crack 
originated at some point on an existing tension crack, but even in’ these 
eases they issumed the characteristics ce seribed above 

In long beams, the diagonal tension cracks were initiated midway bet ween 
the supports and load point In several beams of Series TIT, the starting 
point to the diagonal tension crack was nearer to the upport 

The initial diagonal tension cracking load hereafter called) cracking 
loads) are listed in Table 6 It can be seen from the results of Series IT] 
that thie cracking load | Indep ndent of the presenee Ol hook on the long) 
tudinal reinforcement and of the presence Ol vertical tirrup \ lightly 
increasing trend with the percentage ol web reinforcement may be observed in 
Series ITT, but the data are erratic and inconclusive The results of Serie \ 
and B show that the trength of conerete ha the major influence on. the 
cracking load: the @ cking lond incrense with mmeren Ing stre ngth ol concrete 


] 


The results of Series A indicate also that the cracking load may be higher 
when agiven aren of tension reintorcement is turn hed with a large! number 
of small bars 

\ comparison Ol the ratios 7 J ‘ for the thre eri of beams indicate i 
small increase of these ratios when the ratio of the shear span to the effective 
depth of beam* decreases Furthermore, it may be noted that the ratio 7 / 


varied from 0.033 to 0.095 with the majority. of value maller than O.060 


The minimum value for beams with concrete strengths smaller than 3000 psi 
was 0.056, with f.o smaller than 4000 psi it was 0.050, and with ff,” smaller 


than SOOO psi it was O40 Lhe present tllowable ilue of nominal shearing 
stress Is O.O40/ 


Behavior after formation of diagonal cracks 

The ratio of the ultimate load to the cracking load 3 hown in column 
P a: a ible 6 For six beams of Seri \ and for three beams of Seri 13 
the cracking and the ultimate loads were equa For the remaining beam 
of these seri and for all beams of Seri I}] the ultimate load was highe 
than the cracking load The behavior of beams after the formation of diagona 
tension ¢! ick is deseribed eparately Lol each erie of beam 

Seri I/] In beam without web reinforcement the formation of the 
initial diagonal tension crack was followed by formation of a similar crack 
on the opposite half of the beam With further increases of load, both erack 
extended upw rd toward the load point ind at load approaching the ultimate 
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the upper ends of the diagonal tension cracks reached to within a few inches 
of the upper beam surface (Fig. 4, beam III-25a). In several beams, a second 
vet of diagonal cracks formed above the original cracks either before or simul- 
taneously with failure (Fig. 4, beam II1I-27b The failure occurred always 
by destruction of the conerete located above the upper end of one diagonal 
crack It invariably took place alongside the loading block, in most beams 
along the edge closer to the adjacent support 

Qne of the beams without stirrups, III-28b (Fig. 4), had no compression 
teel. The failure of this beam was very sudden and was accompanied by 
splitting of the concrete along the tension reinforcement 

The behavior of beams with web reinforcement differed from that of beams 
without web reinforcement in that several diagonal tension cracks formed 
instead of one or two (Fig. 4, beam III-31 These cracks were closely spaced 
and approximately parallel] to the direction of the initial diagonal cracks 

\t failure, the upper ends of the diagonal cracks were closer to the top 
urface of the beam than the upper ends of the tension cracks, indicating 
that the beams failed at loads lower than those corresponding to their flexural 
capacities. This finding was confirmed by strains measured at midspan on 
the top surlace ol the beam and on the tension steel Concrete strains never 
exceeded 0.0006 and steel strains were always smaller than 0.0013 at these 
locations, whereas the corresponding values for flexural failures should be 
approximately 0.0040 and 0.0016, respectively 

Typical load-deflection curves are shown in Fig. 2a. Typical load-stirrup 
strain curves are shown in Fig. 3 

Serie | In six beams of this series the cracking load was the highest 
the benms could CHrry; in the remMarning six beams some increases ol load were 
po sible after dingonal tension cracking occurred In all beams the initial 
diagonal cracks formed suddenly olten assuming immediately their final 
Hisayo \t failure, the concrete located adjacent to the central loading block 
and above the upper end of the diagonal crack was destroyed and splitting 
oceurred along the tension reinforcement 

Loaud-deflection curves for three beams are shown in Fig. 2b. The curve 
for beam A-I is typieal of all beams with the ultimate load higher than the 
cracking load The curve for beam C-2 1s typical of all beams with the ul- 
timate load equal to the cracking load except for beam B-2; the curve for 
beam 3 2 if also shown 

Series B-—Vhe behavior of beams of this series was similar to that described 
for beams of Series A The shape of the diagonal tension cracks and the 
manner of failure are illustrated in Fig. 5. Beam B-14 in this figure is repre 
sentative of beams with the ultimate load equal to the cracking load, and 
beams B-6 and B-4+ are representative of beams in which the ultimate load 
was higher than the cracking load In beam B-6 the destruction of concrete 


occurred along the loading block edge closer to the adjacent support, where- 


as in beam B-4 the diagonal crack passed under the loading block and the 


concrete was destroyed at the edge further away from the adjacent support 





Redistribution of internal stresses 

Until diagonal tension cracks form, the in the tension steel and 
in the concrete are distributed along the length of the beam in the same way 
as the external moments so that these stresses at any section are approxi 
mately proportional to the moment at that particular section. The formation 
of diagonal tension cracks changes these relationships. Such changes are 
called the redistribution of internal stresses. * 

In Fig. 6a a beam without web reinforcement is shown after formation of 
diagonal tension cracks The part of the beam located to the left of one 
crack Is shown in lig 6b as a free body Since no stresses Can exist across 
the crack, the free body is subject to the action of the reaction of the sup 
port FR, the force in the tension reinforcement 7, the compressive force ¢ 
resisted by the conerete above the crack, and the vertical shear J It 1 
indicated in big 6b that all vertical shear is transmitted through the con 
crete; in reality a part of the shear is transmitted through the dowel action 
of the reinforcement, but the contribution of the tension reinforcement to 
the transfer of shear is believed to be negligible 

If the forces shown in Fig. 6b are in equilibrium, then 

1,f,jd Ra 
that is, after the formation of the diagonal crack the steel stre at section 
h-b depends on the moment at section a-a ( onseque ntly, the teel stre 
at section b-b increases which increase 1s accompanied by widening of the 
diagonal crack It is be leved that the widening of the diagonal crack lead 
to a localized increase of the compressive stress in the conerete at section 


a-d Thus ina beam with 


diagonal tension cracks the (a) Beam With Diagonal Cracks 
distribution of stresses in 


the tension reinforcement 





and in the concrete along 


the beam does not follow 








the distribution of external 
moments 

When a diagonal tension 
crack forms, the redistribu 
tion of internal stresses 
cussed above tukes place 
Such redistribution may 
lead either to an immedi 
ate failure or to a. stable 
condition permitting tur 
ther increases of load 
Failure 

\ reinforced concrete a aS 


, a eae ; wees 
beam failing as a result of Fig. 6—Redistribution of internal stresses 


*Redist: tion of inter: — . ' 





the presence of shearing forces may fail by one of the following modes: (1 
diagonal tension failure; (2) destruction of the compression zone; (3) bond 
failure; or (4) splitting failure 

Diagonal tension failure These failures have been observed frequently 
in laboratory test Beams are said to fail in this manner when the initial 
diagonal tension cracks form at the maximum load sustained by the beam 

In beams of Series IT], that is in beams with small a-d ratios, the ratio of 
the maximum load to the load of first cracking, 7, /7?., was always higher 
than 2. In beams of Series A and B with larger a-d ratios, the ratio of P?,/97? 
was either equal to Lor slightly higher Thus, it appears that beams with 
large a-d ratios may fail at the cracking load 

Destruction of the COM PTESSLONM ZONE Ina beam fathing by this ty pe ol failure 
diagonal tension cracks form, redistribution of internal stresses takes place 
and a new equilibrium of internal and external forces is reached. Further in- 
‘reases of load are possible until the conerete located above the diagonal 
crack is destroyed under the action of force C (ig. 6b Since this concrete 
is stressed in compression, the failure is said to occur by the destruction of the 
compression zone ob concrete 

In the shear tests reported in the literature, this mode of failure was pre 
dominant. The majority of beams tested in this investigation failed also in 
the same manner; the corresponding loads for beams of all three series are 
given in ‘Table 6 

It can be seen from the results of Series IIT that the failure load 7’, in- 
creased with increasing percentage of longitudinal reinforcement and with 
increasing percentage of web reinforcement. The results of Series Bo and A 
showed that the load 7’, increased also with the increasing strength of con- 
crete The magnitude of the ultimate load seemed to be more sensitive to 
the changes in the strength of the concrete than to the changes in the per- 
centage ol tension reintorcement 


The ratios 7 ‘Be also listed in ‘Table 6 show that the nominal shearing 


stress was considerably higher at failure of beams of Series II] than at failure 


of beams of either Series A or B. For beams of Series B, v,/f.’ varied from 
0.036 to 0.074, for beams of Series A from 0.049 to 0.087, and for Series ITI 
from 0.133 to 0.236 for beams without web reinforcement and 0.229 to 0.274 
for beams with web reinforcement The corresponding allowable value of the 
nominal shearing stress for beams without web reinforcement is 0.030 f,’ 

The ratios of the effective beam depth to the shear span d/a) for Serw 
B, A, and TIL were 0.29, 0.33, and 0.66, respectively \ comparison be 
tween these values and the respective 1 i.” ratios suggests a direct propo! 
tionality If A is the constant of proportionality then 

oe 
a 
\fter substituting for the nominal shearing stress and rearranging, this equa 
tion may be written as 


yy ds [3 hel 





HEAR STREN 


where 4 is a numerical constant Since Vva is the ultimate moment V/,, at 
the section of failure, the right hand side of the last equation suggests that 
for shear failures by the destruction of the compression zone the resisting 
moment 7, may be independent of the magnitude of shear 

Bond failures Bond failures were observed by ‘Talbot in his early in 
vestigations. Reference to Fig. 6a and to the discussion of the redistribu 
tion of internal forces shows that the formation of the diagonal tension crack 
Is accompanied by a considerable increase of the tension force 7 in the rein 
forcement at section b-b For relatively short beams reinforced with bars of 
poor bond characteristics this may lead to secondary bond failure \n 
anchorage of the reinforcement, such as hook lists pre) iously been found te 
reduce the danger of this type of failure 

None of the beams reported herein appear to have fuiled inp anchorage 
bond even though the bond stresse magnified by the formation of the diag 
onal crack may have been of the order of 600 psi or more \n indication of 
the absence of bond failures mav be obtained by COMpPAaring beams of Serv 


Ill with and without hooks on the tension reinforcement 


‘an be seen clearly that the ultimate loads for the two groups ol beam 
are nearly equal when the differences in the trength of conerete are taken 
Into account Thus, these tests indicate that with modern deformed bar 
bond failures are not probable in simple beams of normal proportion 

Splitting failure This type of failure is caused by horizontal splitting 


of the beam along the tension steel. The major factors believed to contributes 


to splitting failures are the dowel action of the reinforcement and the diagonal 


tension stresses caused by the transfer of stre from the reinforcement to the 
conerete by bond Splitting along the horizontal bars was observed in several 
beams reported herein either at or after failure However, it is believed that 


splitting was a secondary rather than a primary phenomenon in these test 


CONCLUDING REMARKS 


Forty-two simple beam were tested with one or two cones nirated load 
and all failed in shear after one or more diagonal tension crack formed in 
the region of maximum hear | p to the formation of diagonal tension 
cracks the behavior of all beams was the ime as that of beams failing in 
flexure. The formation of diagonal tension cracks led to a new distribution of 


internal stresses which prey tiled until failure 





‘The magnitude of the load causing the formation of initial diagonal tension 
cracks depended primarily on the dimensions of the cross section and on the 
trength of the conerete Most beams were able to sustain higher loads 
than this cracking load At failure of all beams the compression zone Ol 
concrete was destroyed above the diagonal tension crack and adjacent to 
one of the loading block The magnitude of the failure loads depended 
primarily on the dimensions of the cross section, on the amount of longitudinal 
reinforcement, on the amount of web reinforcement, on the strength of con 
ere ind on the length of shear pan 

Phe ratio of the ultimate lond to the load at first cracking decreased as 
the ratio of th hear span to the effective depth increased ‘Test results 
ndieated that the strength of beams with large a-d ratios may be governed 


by the load causing first cracking wheres trength of shorter beams is gov 


erned 1) thy loud CAuSsIng ae truetion of the compression zone of concrete 


Lhe result tests iIndiented furthes that the load at first cracking 
risa hy predicted on thie bys] Ol thie nominal hearing stress and the ultimate 
lond Phhit lye predicted on t hie bys ! QO] thie ultimate moment Analvtieal eX 


pressions serving this purpose are presented in Part 4 of this series 
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Title No. 51-16 


Effect of Algae Infested Water on the Strength of 
Concrete 


SYNOPSIS 


The purpose of t stud wus to establish 
trength of concret ine rious concentrations of 
ilyae infested wa rious amounts were added to t 
batches w t ulting evlinders tested at 28 and 60 da 
mation of towable concentration of organic matter in a good mi 


INTRODUCTION 


In the past, engineers on concrete jobs have lreque ntly been contront 
with the problem ol permitting or condemning the use of certain 1 
contaminated water In certain instances the contamination con 
harmful salts and in other instances of various types Ob organi 
MIanv times, when contamination consisted of organic matter, certain 
was rejected because of either odor or appearance, Causing needle or 
and expense in securing better water This problem has become quite acute 
especially in the use of water from sloughs, dams, and dugouts in western 
Canada where the organic matter is in the form of algae In studying the 
problem thie algae infested water of Duneairn Dam was chosen It i 
here that the problem was most acute in the summer of 1952, thi 
containing a higher concentration of algae than usual 

The purpose ol this re port is to establish the over-all effect 
matter on the strength of concrete and not to concentrate on 
which contribute to the loss in strength As a result of the test pertormed 
is hoped to predict, with a larger measure of confidence, results of the u 


such organic waters 


PREVIOUS INVESTIGATIONS 


Mills! states that if the silt (in sand) contains more than LO percent o 


matter, the latter constituting as much as 1/10 of | percent of the sand 
appreciable injury results. Clay, if finely divided and uniformly dist: 


throughout the sand appears to have little effect: unless present in 


greater than 10 percent. Mica is injurious even in small quantiti 
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Williams? proposes that organic impurities (in sand) such as vegetable 
loam will always seriously diminish the strength of concrete. Even as little 
as 0.5 percent organic matter has been found to reduce the strength of mortar 
as much as 20 percent. Vegetable matter seems to coat sand grains and 


thus diminish the adhesion. Therefore, while clay may be ordinarily admitted 


up to 7 percent without objectionable results, all organic matter should be 
rigidly avoided 

Probably the most extensive research was reported by Abrams.’ Strength 
tests of portland cement concrete were made at ages of 3 days to 2!4 years 
using mixing waters of a wide range of types, many of which were thought 
to be unsuitable for use in concrete. Pertinent conclusions were: 

The quality of a mixing water is best measured by the ratio of its 28-day con- 
mortar strength to that of similar mixes with fresh water While the lowest per 
trength-ratio is a matter of judgment, waters giving strength-ratios which in general 

85 percent should be considered unsatisfactory; if only isolated tests are made, 80 
hould be the limiting value. The time-of-setting test appears to be an unsafe guide 


itubility of a water for mixing concrete 
Sulphate waters produced little or no ill effeets until a SO, concentration of about 
| percent was reached. For a concentration of 0.5 percent the average reduction in strength 
vas about 4 percent; a concentration of 1 percent was required to produce a reduction in 
trength of more than 10 percent.’ 

The 1940 report of the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete’ states that when subjected to the mortar 
strength test, the strength at 28 days of mortar specimens made with the 
water under examination and normal portland cement shall be at least 90 
percent of the strength of similar specimens made with the same cement 
and with water of known satisfactory quality. The //andbook for Concrete 
and Cement® suggests that acceptable mixing water should have a pl range 
of 6.0 to 8.0 and be free from organic matter 

Lyse® stated that organic impurities in concrete have generally been con- 
sidered extremely detrimental, and a number of concrete structures have failed 
due to the presence of such impurities in the aggregate. He described tests 
in which it had been attempted to neutralize organic impurities by the addition 
of various chlorides. The results were interpreted as an indication that 
calcium chloride in particular was very suitable. Its use was recommended 
in amounts up to 2 percent of the cement by weight in construction of 
structures not requiring high strength concrete. 


TYPES OF ALGAE 


\lgae comprise a large group of flowerless plants which form the main and 
characteristic vegetation in water. Some types live in sea water and some in 
fresh water, whether stagnant or running. They vary in size from the small 
microscopic plant, noticeable only because of the color it gives to the water, 
to masses with stemlike structures longer than the tallest trees. The two 
most common types encountered in western Canada are the globular or 
circular, unicellular algae and the branched, multicellular algae. The latter 





EFFECT OF A 


ssess leaflike structures which are formed of a delicate perio ited network 


much like lace or the skeletons of leaves In the unicellular plant repro 


duction (by cell division) and food manufacture take place within the cell 
while in the multicellular algae a certain portion Of Its cells are devoted to 
specific duties Keach cell absorbs its own minerals and gases trom the water 
and makes its food by photos nthesis. The cells of the algae are covered with 
a gelatinous, slimy material. The color of the algae is due to green pigments 
(chlorophyll and red or blue pigments secreted in the cell The diatom group 
of algae contains large quantities of silica It is known that while algae live 
they give olf oxvgen and when they die carbon dioxide is formed as one of 
the products of thei decomposition 

From this it seems there would be three possible ways in which algae 
could cause a decrease in the strength of concrete: (1) The organic matter 
could reduce the adhesion of the cement to the sand and aggregate 2) The 
secretions or body fluids of the algae could react with certain chemicals in 
the cement to weaken its bonding qualities 3) The surface active nature 
(or sudsing nature) of the organic compounds (including gelatinous covering 


and algae could cause a high degree of entrapped air 


BASIC CONSIDERATIONS IN APPROACHING THE PROBLEM 


For purposes of testing, a water-cement ratio of 0.5 (an average value 
was selected It was also decided to try to obtain concrete with a slump of 
3in. * !o in., this being the average slump used on most jobs. This required 
a considerable number of trial batches, many of which resulted in 1!o5-1n 
slumps. One reason for difficulty in obtaining the 3-in. slump was the small 
quantity of water required for the 150-lb batches. The other reason was that 
the procedure was accurately timed according to a certain set rate and if the 
mix was found to be too stiff a predetermined, preweighed quantity of water 
was added. Many times the first mixes became too wet because of the difficulty 
in predetermining the wate required and its effect; these mixes were wasted 
kor this reason, the |!.o-in. slump mixes, when obtained, were kept. Thi 
conserved valuable materials and the cylinders were still of practical value 
since much concrete is placed at this slump. Therefore 1! 5-in. slump mixe 
as well as 3-in. slump mixes were kept for testing and two groups of result 
obtained 

‘The next step was to select a range of organic concentration Because 
higher concentrations are seldom encountered, it) was decided oO Use a range 
of 0 to 10 percent organic concentrate, considered to be the range in which 
there would be doubt as to the suitability of the water for mixing Only 
concentrations of 0, 1,3, 5, and 7!o percent organic solution were used because 
of the lack of time and materials 

The only other controllable variable, the water content, had to be 
justed that the resulting batch conformed to the basis decided on. Thi 
done almost purely by trial and error although the 3 percent reduction in 


water content for each l-in. excess slump was followed, as suggested in many 





| 
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Ot On proportioning In these test thi did not prove too helpful, H 
plammed ater 

('ylinder strengths were measured at intervals of 28, 60, and 90 days, and 
with standard testing practice, five eylinders were 


| en fo conform 
For the 90-day 


tminimum number for the 28- and 60-day groups 


chosen a 
respectively, were kept for 


ind |-year test only two and three cylinders 


testing since there was not enough room for more in the curing tanks. The 


he used for study by the Prairie Farm Rehabilitation 


latter specimens will 
by the writer, with further testing 


Administration (PFRA) and correlation 
Propo ed The above chedule require d 15 evlinders per batch 
Since 3 x G-in. cylinders permitted the use of a sufficiently large aggre- 


yule conserved limited space and test results could readily be converted 


info the usual 6 x 12-in. eylinder test results,* they proved most suitable 


and practical lol purposes of these tests 


All eylinders were cured in city tap water at room temperature OS IF 


TEST MATERIALS AND PROCEDURES 


Materials 
fo be on the safe side and still use an aggregate close to that used in actual 


field condition a $4-In. maximum size aggregate was selected The aggre- 


local pit-run gravel which, to meet AS‘I 
were later blended on a 50-50 


‘NI specifications for coarse 


’ wa creened into two sizes which 


‘that i 50 percent ol the aggregate passing a }e-in. sieve and retained 
No. 4d sieve was blended with 50 percent of that passing a %4-in. sieve 
und retained by a *<¢-in. sieve The aggregate consisted chiefly of sharp 
angular stones and had « specifie gravity of 2.67, water absorption of 1 per- 
water content of 0.09 percent 

and was added 30 percent blending sand to meet 


' The fineness modulus of the sand was 2.68 


cent, and a 


lo the loeal ASTM 


grading requirement 

Cement was standard portland cement with a specific gravity of 3.15 
Phe mixing water was city of Saskatoon tap water mixed with the per- 
centuge by weight ol organic concentrate required by the various tests 
hat 4 5 percent lyre ater on means that 
weight of mixing wate consisted of this organic concentrate 


or organic solution referred to | 
5 je reent ol the 


Procuring of organic matter 
secured from Duneairn Dam in southwest 


particularly high concentration near the 


lhe algae were Saskatchewan 
it a time when the wind caused a 
Here the organic infested water was strained through burlap bags to 


dam 
possible The separation of organic 


obtain as concentrated a solution. as 
water was almost impossible since the slimy, finely divided 
tended to Puss through this sieve 


a high concentration of this material was 


matter from the 
and colloidal constituents llowever, 


ifter several repetition ol sieving 
obtamed This “algae-concentrate’’ was sealed in pails and immediately 
and 


transported to the laboratory where it was thoroughly mixed, resealed 


placed nm i cool place 





EFFE 


Analysis of organic concentrate solution 


Just before use ol this concentrate solution im making up test pecHnen 


it was again thoroughly mixed and a representative sample taken Whi 
analysis of the sample was made several days later at the time when about 
half of the test specimens were cast (this was not true for algae No. 12 whiel 
was mixed one month later The analysis in Table | was representative 


of the series of tests 


TEST MIX PROPORTIONING 


The proportioning of all trial mixes was based on the method and 
on p. 131 of the Concrete Manual published by the S Bureau of 
mation, with quantities proportioned for 
were also based on an assumed 1.5 percent of entrapped 
content which after several trial batelh Vil found to itisl the 
constants. By assuming incorrect air content no breach of standard procedure 
was committed, since these trial mixes (as proved | could be adjusted 
to include the actual air content This wa po ible because the amount o 
entrapped air did not affect the percentage ol] and in the aggregate: it affected 
only the volume of the batch Thus by reducing the water content and the 
volume of cement, sand, and coarse aggregate ind inserting the 
volume, it was possible after many trial calculation to come 
mix in which the proportions by weight were exaceth i im i propol 
tions using the assumed air and water content | i rie ; 
the true design of the l-cu vd mix as mixed 

Kor exampl ai mix Wa proportioned on the ba 
255 |b per cu yd, water-cement ratio 0.5, and 1.5 percent 
the batch the actual air content was 8 percent lherefore 
portioning of the given mix, the 8 percent was introduced, and 
the volume of cement, wate and, and coarse aggregate correct 
mix was obtained that satisfied the original mix proportions and 
content 

This greatly simplified the proportioning 
test batches, and meant one could proportion 


of varving water contents based on | percen 
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few mixes get one to satisfy the required slump. In choosing the water 
content to be used, the 3 percent decrease in water content for each 1-in 
CXCESS slump was followed in spite of its inaccuracy The reason for the 
inaccuracy was that the algae infested water increased the rate of change 
or slump for a given quantity of mixing water 

By observation it was found that a simple equation could be used to adjust 
the water content of the preliminary mix and so get a water content that 


would give the correct mix using the actual air content After observation 


and trial the following equation was found to apply 


Change in water content 2.62 (Actual air content, percent 1.5 

To substantiate that the above equation gave true l-cu yd mixes without 
altering mix proportions, all batches were adjusted for the actual air content 
(Table y 4 

DISCUSSION OF RESULTS 

Sulfate content 

\t first it was thought that the sulfate content in the water might also cause 
a decrease in the strength of concrete since Duncairn Dam water is known to 
contain sulfates Sut on analysis it was found to contain only 530 ppm 
ina 100 percent concentrate solution. Since in testing a 7!o percent con 
centrate solution was the maximum used, the greatest concentration of 
sulfates In mixing water was 40 ppm. Since Abrams?* states that 0.5 percent 
sulfates or 5000 ppm causes a decrease in strength of 4 percent, the decrease 
in strength due to sulfates was neglected in these tests 

According to Abrams,’ strength ratios for a series of tests should not fall 
below 85 percent due to the quality of mixing water This would mean 
that the organic matter (algae) content should not exceed approximately 


0.075 0.1 percent (Fig. 1) of the mixing water by weight If the Joint Com 


TABLE 2—SUMMARY OF BATCHES TESTED 





mittee Report were used, the organic matter (algae) should not exceed 0.05 
selecting the median of these limits, the author 


would be quite allowable (when 85 percent of 
ePNCeSs ol () | 


percent by weight Thus by 


believes that 0.075 percent 
calculated strength was taken into consideration), but am 
percent organic matte! algae in the mixing water should be regarded i 
and consequently such water should he avoided 


excessive 


Entrainment of air 
test batches, it was substantiated that algae 
Fig. 2 This was possibly 


p. 334 The 


After mixing the first few 
caused air to be entrapped* into the eoncrete 


due to surface active nature as stated in “Types of Algae,” 
amount of air appeared to vary as a straight line with the organic (algae 
algne No. 2 and algae No. 3 Fable 2 the 


concentration \s was seen by 
a2.o percent with an 


maximum amount Of air it was possible to entrap was 22... 
actual water content of 215 |b per cu vd and an actual organic (algne) con 
centration of 3.07 percent Therefore, by further testing. one would get a 


2 between 0.25 percent and 3.07 percent organic matter 
it is believed that loss of strength due to organic 


curve in Fig algae 
concentration. Furthermore 
particles reducing adhesion and the chemical reaction be tween the 
and body fluids of the algae with the cement, thus reducing the bonding 
qualities added to the decrease in strength of the concrete giving the over-sl 


ecretion 
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Fig. 1—Relation of organic mat- 23 153 164 215 
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strength decrease shown. Some may wonder if the algae were dead and, if 
40, to what extent it would affect the results. The algae were dead because the 
solution was kept frozen until required and then thawed rapidly. This, it is 
believed, prevented decomposition and therefore the results should not have 
heen affected to any extent 


Uniformity of concrete 


(‘ylinders made from the different batches proved to be uniform, as is 
seen in Table 3. A coefficient of variation of 5 percent is considered good for 
laboratory cylinders. Most eylinders in this test did not exceed this. Those 


that varied exceeded it only slightly 


Slump 


It was previously stated that a 1!o-in. slump was used along with the 3-in 
slump. In Fig. 1 and 2 both have approximately the same slope and almost 
the same strengths within the 85 percent strength range (suggested as the 
minimum for loss in strength due to Impure water Therefore, no harm seems 
to have been done by including the 1|!9-in. slump and none whatsoever from 
the point of view of establishing an approximate relation between strength 
loss and algae concentration. It is realized, of course, that the curves are 
approximate to a certain extent because of the limited number of tests made, 
and that further tests should be made for more accurate curves. From the 
objective viewpoint, these curves are believed to have provided a fairly 
accurate basis for determining the suitability of organic or algae infested 
water In mixing concrete 
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Fig. 2—Relation of organic mat- 
ter concentration to air content of 
concrete mix 





FFFECT OF A \E INFESTED WATEF 


TABLE 3—SUMMARY OF COMPRESSIVE TESTS WITH COEFFICIENTS OF VARIAITON * 


17 ( 


Sand 60 days 


Variations from trend 

With regard to the batch with algae No. 12, which seemed to differ in ai 
content and strengths from the trend, it can be said that this was probably 
due to a change In mixing procedure and state and composition ol organic 
matter since this batch was mixed one month later than the rest of the batches 
Therefore, not too much importance was placed on the results and consequently 
the curves did not consider these points. Also, since that test did not fall 
within the 85 percentage range, its omission did not interfere with the basi« 


information sought 


Strength-slump relationships 

In Fig. 1, a strength decline for the 1!5-in. slump batches was drawn as a 
straight line, while strength decline for the 3-in. slump batches was drawn 
parabolic According to theory, greate1 slump would lessen strength of con 
crete but for some unknown reason the control cylinders for the 3-in. slump 
seem to have been stronger than for the 1!o-in. slump. With further testing 
the control batch of the 3-in. slump group would likely be found to be in error 
and fall below that of 1! o-in. slump. The latter being true, a straight line 


relation would exist for the 3-in. slump group as for the 1!5-in. slump group 


for the range of concentrations tested However, since the results did not 


follow this i parabolic relation had to be adopted until disproved 


SUGGESTIONS FOR FURTHER TESTING 
1. It would be of interest to separate the loss in strength due to air content 
and the organic matter and secretions 
2. It would also be of interest to compare the loss in strength due to algae 


with other organic substances such as vegetable matter (roots, straw, ete 
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5) In further algae testing it would be advisable not to seal pails containing 


algae but leave them exposed to light and air so they will not die. If this is 


not feasible it might be even better to freeze the solution immediately. One 
hould use the concentrate solution as soon as possible upon removal from the 


reservoir or water hole 
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Title No. 51-17 


Observations on the Resistance of Concrete to 
Freezing and Thawing 


pre ~ 
tailed eviden 
During the past 


many investigation have been carried 


ol concrete under lTreczing ind 
The principal objective of much of this research ha 
Ol the comparative behavior ol 


out on the question Ol durabilits thawing 


been the determination 


specimens of concrete made from variou 
cements and aggregates, with various mix proportion Witer-cement ratios 
and air contents; cured in specific ways for various lengths of time; and sub 


freezing and thawing tests Some 
fundamental nature 


jected to variou research has been of a 


nh Ing “a8 an object the determination of thy conditions 
of deterioration and the role of 


In view of the wide variety of 


and mechanism ur entrainment 
conerete material mux proportions, curing 
procedures and test conditions employed, with i consequent 


wide variety of 
results obtained, it is 


not surprising that a considerable amount of uncertainty 
exists as to the meaning of the published result 


A surve' ind analvsis of the more important investigation 


on t he ubject 
show, however, that significant 


general conclusions can be drawn It is the 
purpose ol thi paper to present some ol these conclusion t manner de 
reasonableness, but without detailed evidence What 
is intended is simply a concise presentation, which the reader, if he wishe 


signed to show then 


can check against published data t No originality Claimed for an the 


views or conclusions here stated 


Dry hardened concrete, or concrete in which the hardened cement paste 
and the aggregate are both below some eritical degree of saturation b vutel 
is highly resistant to freezing and thawing in nature Such concret could 
probably be damaged by thermal stresse et up within the conerete due to 
large and rapid temperature changes, ¢ r temperature vere 
above the normal freezing point; howe e dence t iow that 
damage from this cause alone is normally ire Pherma 
*Kee i 
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tresses might contribute to, or accelerate i deterioration resulting from other 


causes such as alkall-aggregate reaction That subject is beyond the scope 


of the present discussion 


Water souked hance ned eoncrete May he damaged hy lreezing and thaw 


ing, and the locus of damage may be the hardened cement paste, or the aggre- 
gate, or both In any of these cases, the damage arises basically from the 


fact that the process Ol lreezing wate! within the paste or the aggregate 
vives rise to internal pressures which may be high enough to exceed the strength 
of the paste or of the aggregate. The aggregate particles and the hard cement 
paste may appear to be solid bodies; they are so only superficially Some 
aggregates are capable of absorbing several percent Ol water The hard 


cement paste may include, to the extent of a fifth of its own volume capillary 


space capable of holding water The capillary structure of cement paste Is 
very fine, beyond the limit of resolution of light microscopes. Because of this, 
and in view of the large volume of freezable water it may hold, it is not sur- 
prising that hardened cement paste may be damaged by freezing and thawing 

Damaging pressure ID hardened cement paste may conceivably arise in 
any of several wavs Kirst, there may not be sufficient empty space avail 
able to accommodate the additional solid volume produced when the con 
tuined water freeze This possibility has given rise to the 


y “degree of satura 


tion” theory of frost damage Second, the pressure may be hydraulic, due 
to the resistance of the fine-grained capillary structure to the flow of water 
displaced by the advancing we Tront Third, the pressure may be caused 
hy the growth of ice bodies extracting water from the surrounding gel. Present 


evidence ugygest that both of the last two mechanisms are. of Importance 
in cement paste, whereas the first may be of primary importance in stones 


used as aggregate 

It may seem that although the purpose ol this paper Is ostensibly to dis 
cuss the resistance of concrete to freezing and thawing, attention has been 
diverted by a discussion of cement paste Actually this is not a diversion 
It is essential to an understanding of concrete to recognize that this material 
is not a homogenous solid and to Inquire into the properties Of its component 
parts and their mutual relationships Research has made it evident that 
the base properties ol the hardened paste are Of prime importance In pro- 
viding an understanding of the behavior of concrete 


Reference was made to the possibility of developing damaging pressures 


inside stones or hardened cement paste when water contained therein is frozen 
If the degree of saturation is below some critical proportion, about 9O per 
eent, there will ordinarily he present enough air-filled capillary space to 
accommodate the water displaced by the ice being formed lloweve1 in 
the fine capillary structure of cement paste, this space must be everywhere 


close to the points from which water is moving to avoid destructive pressure 


The paste In non-all entrained concrete may, and usually does, contain large 


natural air voids in sufficient total volume to contain the water displaced 


during the freezing process, vet such paste may be dilated and damaged by 





r 


FREEZIN 


rapid lreezing whe n saturated because the natural au voids are too fat apart 


to be effective This statement is no longe) Cony ctural: it has been confirmed 
experimentally It has also been shown that TreeZing: pus of the same 
kind does not cause dilation or damage when such pastes contain numerou 
alr bubbles It should be made clear that in this discussion the term “satura 
tion”’ Is applied to the cement paste exclusive ol thie entrapped or entrained 
air voids These Hit voids being much large! than th capillary Spaces do 
not ordinarily become filled with water 

The vital role of entrained air now becomes evident It is to pro ide in 
the hardened paste a multitude of air void separated from one anothe 
by only a few thousandths of an inch, so that exec water di placed during 
the freezing process has only a short distance to move before finding rele 
space The extruded water, frozen in the air bubbles, is able to extraet addi 
tional water from the surrounding paste and thus prevent the growth of ie 
bodies in the paste In these ways pressure is limited, and if the air void 
are close enough together the pressure will not exceed the trength of the 
paste It is now well established that the an entramning agent pertorm 
its valuable role by means of the air it entrain: ind not by it presence pe 
e, nor by any effect it may have on the phiy eal properts of the cement 
paste 

The methods currently used to test the frost resistance of concrete need 
to be re-examined critically in the light Ol present knowl dy of the mechanism 
of deterioration It seems entirely possible that accelerated freezing and 
thawing tests could be devised which would result in the rapid destruction 
of air-entrained concrete which in nature would prove highly resistant. In 
deed, it may be questioned whether some of the high peed test now nb Use 
vield results from which valid predictions can be made of behavior in natural 
weathering It is not essential that laborator tests exacth reproduce natural 
processes, but it is desirable that laboratory tests produce information useful 
for prediction of behavior in such processe 

The question naturally arises whether one or another COMposition Ob ce 
ment, or a cement ground to one or another finene has outstanding ad 
vantages in resistance to lreezing and thawing ol yv cured concrete hie 
evidence is definitely to the contrary experiments with non-air-entrained 
concretes of commonlh used water-cement ratio using cement ol variou 
types, ground to a wide range of finenesses, show that all are ulnerable to 
lreezing and thawing when water soaked Fundamenta tude of hard 
ened cement pastes made from various ty pes of cement show that at norma 
water-cement ratios, and with adequate curing, the physical structures are 
similar To hye more pecihe all the se pa ¢ are ( Lpratyle Q] hold ny more 
freezable water than can be frozen without damage, unle the internal pre 
sure which would otherwise result is limited b ome mean hifteen vears of 
experience In tye ld and lnboratory have hown that entrained an exceed 
ingl\ effective in avoiding this damage ncreasing the durabilitv of otherwise 


good eoncrete by) more than tenfold Phu field ¢ perience poornator 
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periment, and theory show that entrained air in proper amount and distribu- 
tion Is essential to produce concrete able to resist repeated evcles of freezing 
and thawing while water soaked 

The primary function of entrained air is therefore to protect the cement 
paste in concrete from the ravages of freezing and thawing. Entrained ai 
in the cement paste cannot be expected to make bad aggregate good, or to 
eliminate the need for proper mix proportioning or construction practices 
It would indeed be unfortunate if air entrainment were to be considered a 
cure-all 

Nothing in the foregoing discussion should be construed to minimize the 
importance of cement composition or fineness with respect to other matters 
It is common knowledge that the rate of hardening, and possibly the maximum 
strength attained, depends upon cement composition and fineness. The 
manner in which concrete resists attack of aggressive solutions, such as those 
of alkali sulfates, is known to depend on cement composition. Shrinkage on 
drying and expansion on wetting depend on cement composition. The amount 
of heat liberated by cement during hardening also depends upon cement com 
position and fineness, a matter of Importance to designers of massive concrete 
structures. It may well be that other important properties of concrete are 
influenced, perhaps largely, by these factors 

fesearch has suggested an alternative to entrained air, as a means of 
protecting the hardened cement paste, when circumstances permit If the 
original water-cement ratio does not exceed about 0.4 by weight, the result 
ing hardened paste when well cured will contain no water that will freeze 
under conditions of natural exposure. Some of the water is chemically com- 
bined and the rest is strongly adsorbed. Even when saturated, such paste 
should be highly resistant to normal freezing and thawing. Further experi 
mental verification of this indication is desirable. A water-cement ratio of 
0.4 by weight is about 4!5 gal. per sack, and thus somewhat lower than that 
ordinarily used 

As the water-cement ratio is increased above about 0.4, the capacity ol 
saturated cement paste for freezable water increases regularly \lso, per- 
meabilitv increases Thus conerete of high water-cement ratio is capable ol 
holding much freezable water, and furthermore the paste if contains Is more 
likely to become saturated in natural exposures owing to the higher per 
meability Kor these reasons, such concrete if made without entrained au 
is more likely to deteriorate under freezing and thawing, and experience 
bears this out 

It is widely recognized that air-entrained concrete is resistant to surface 
scaling consequent upon the application of salts for ice removal Research 
has not vet provided a clear understanding of the sealing phenomenon, nor 
of the role of entrained air in minimizing it The literature reveals several 
possible explanations, but none has been proved The problem is likely 
one of physics or physical chemistry, as so many problems involving the 


properties of concrete seem to be 
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In summary, the following conclusions can be stated with reasonable 
assurance 

1. Conerete of normal water-cement ratio, without entrained air, is vulner 
able to freezing and thawing when water soaked 

z The locus ol damage mav be the nuggregate, o1 the hardened cement 
paste, o1 both The damage is a result of excessive internal pressure developed 
during the freezing of water in the aggregate or paste 
3. No portland cement clinker composition or cement fineness within the 
present or past commercial range has anv significant advantage over any 
other with respect. to the resistance of well-cured concrete to freezing and 
thawing when water soaked 

| The primary Tunction ol entrained air is to protect the hardened cement 
paste from destructive pressure arising from the freezing of water therein 
lifteen vears of practice show that it does this exceedingly well However 
entrained air should not be considered a substitute for durable aggregate 
proper design, or good construction practice 

5 \ possible alternative to entrained air may be the use of a low water 


cement ratio, below about O44 by weight This needs confirmation 


{) Practice shows that concrete containing a proper amount ol well 
distributed entrained air is resistant to surface sealing consequent upon the 
} 


application of salts for ice removal The mechanisms of sealing, and of the 


protective ellects ol entrained air, have not been definitely established 
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Title No. 51-18 


Some Failures of Reinforced Concrete Storage Bins 


SYNOPSIS 


CASE HISTORIES 


The use of reinforced concrete for the con 
storage bins offer t durable ind economl 
of this material, howeve) require 
methods of joining intersecting walls | el 
be carried tlely around the inl ol inter 
this discussion to offer a mathematical 
involved especially with regard to group 
traight connecting wall 

In the case of multiple evlindrical bin 
bins are connected with short walls, the space boundes 
walls of four adjacent circular bin andl thi hort connect 
lor storage 
space offers | 
the evlindrica t | iuthor 
be ke pt to a minimum to reduce the 
howevel smmaier forage bin ir 
pro ide smaller bins is not difficult 

Fig. | shows a cardboard mod 
interstice bin hie group Of Tour 
dry sand after which the interstice 
condition. When the interstice bin on the 
circular bins remained empty, the 
slenderness of the wall sections in 
by nding influ nee LO! better Vistin 
was caused at the intersection of the e 
walls. There would a be direct tension 


The practice of using th ator witho 


*Rece 


Core 


Discussion triplicate 
Rd., | t I 


+\ie 4 ( 


tat 








Is widespread It is the 
duty of the engineer to his 
client to design and = con- 
struct these structures 
that his chent can 
the bins Occasionally, 
howevet adequate provi- 
sion tor effective tving to- 
gether of the walls is not 
mace \ result) of such 
failure Is shown nh hig 2 
and 3 Fig. 2 shows a 
structure which was com 
; posed ol tour adjacent bins 
Fig. 1—Cardboard model of typical group of circular 
storage bins showing two loading conditions and one enclosed interstice 
The interstice was loaded 
while the adjacent bins were empty) There was high tensile stress due to 
bending, plus direct tension at the intersection of circular and plane surfaces 
of the walls inside of the interstice 
The dimensions of the bins in Fig. 2 are not available, but the failure oe- 


curred by the missing cylindrical bin being ripped loose and shoved sidewise 


by the wheat stored in the interstice when the collapsed bin was empty 


The loading of an interstice bin when adjacent bins are empty creates a 
structural problem of considerable complexity secause of the shape of the 
Interstice there will be considerable Varintion in the pressure Ol grain on the 


interstice walls at VY vive level Due to the type ol bending indicated 


Fig. 2 (left)—Failure of storage bin due to inadequate provision for effectively tying the walls 
together. The interstice was loaded while the adjacent bins were empty. Fig. 3 (right)—Failure 
due to faulty design of the junction of the circular bin walls and the short connecting walls. The 
interstice was loaded while adjacent bins were empty. Note distortion of cylinder wall at right 





qualitatively in Fig. 1 there will be translation and rotation of the intersection 
of the evlinder walls and the straight short connecting walls Phe problem 
is further complicated by the restraining action of the foundation slab on the 
rotation and translation. It is easily seen that when all of the interstice bins 
are loaded while the adjacent circular bins are empty, the condition of maxi 
mum bending exists in the cireular bin walls at their intersection with the 
short straight walls which separate the interstice bins It is suggested that 
the safest structure of this type will result from the smallest possible size 
interstice. This will result in a smaller hydraulic radius of the interstice 
cross section. Since the normal grain pressure increases in some manner as 
the hydraulic radius increases, the smallest interstice area seems desirable 


from a safety standpoint 


lig 3 shows a CLOSE up ola ruptured bin Ina structure that Wiis composed 


of 14 cireular bins and six interstice bins. The circular bins are 23 ft inside 
diameter and the bin walls are 7 in. thick The hoop reinforcement is #5 
bars which are spaced 7 in. on centers These bars are very close to the out 
side face of the evlinder walls The bins are approximately 130 ft high 
The circular bins are 5 ft clear distance apart \t the time of failure, an 
interstice bin was loaded with about 40,000 bushels of wheat while the four 
adjacent circular bins were empty The failure appeared to be the result 
of faulty design of the junction of the circular bin walls and the short con 
necting walls The horizontal cross section of thi tructure is geometrically 


> 


similar to the model in Fig. 1 hig. 3 shows that the distortion of that part 


of the evlinder wall next to the interstice is similar to the distortion illustrated 


in the eardboard model in Fig. 1 


1 


\ study of Fig. 3 will lead one to the conclusion that this strueture would 
have been considerably stronger if the following had been provided: (1) main 
hoop reinforcing in the vertical eylinder walls placed so that the steel wa 
near the outer surface of the evlinder walls at the junction of the short con 


i} 


necting walls and near the inside face of the evlinder walls at the crown of 
sections that function as an arch: (2) short traight connecting ills placed 
where the round bins were closest to each other; (3) reinforced fillet at least 
10 x 10 in., should have been pro ided at the intersection of all ertical bin 
walls; and (4) proper anchorage of steel in intersecting walls to prevent 


ripping apart ol the walls 


There are relatively few failures of circular bins similar to those hown in 
hig. 3, especially when the number of failures is compared to the total number 
of structures in existence. However, since this structure failed structurally 
after many vears of service, and since it has a bad history, it seem Important 
to point out wenknesses that were apparent trom an examination. ol the 
structure after failure It is felt that many of the structures now in use are 
working outside of the factor of safety, and that the inherent toughne 
reinforced eoncrete should by piven cre dit for the large perce ntage of suces 


fully functioning structure 








Fig. 4 (left)—Structural failure of rectangular storage bins—corner fillets at wall intersections 
were only a few inches wide. Fig. 5 (right)—A failure of rectangular storage bins where corner 
fillets at wall intersections were unreinforced 


hig. d and 5 show two different structural failures occurring in rectangular 
tornve bins An examination of the collapsed structures revealed that little 
ound consideration had been yiven to the design of the wall intersections 
In the cnse hown in | iv. 5, unre inforeed fillets had been built in the corners 
of the reetangular bin Phe surface of these fillets made a 45-deg. angle in 
the corners and were about 
12 x 12 In In the case 
shown in Fig. 4, the corne: 


fillet were only a few 


-_ 2 See 


Se ee 


inches wide 


\ 


The structure shown in 


<= 


hig. 5 had apparently been 


— 


designed so that the cor 





| 


ners including the fillet 


areas would act as columns 


from the footing level to 


; 
noe 


oe i 


about 9 ft above the hopper 


ares The fillet areas, be 


ee 


10>) the region of faibuire 
in the bin that failed, hud 


been pro ided with trian 





gular hoop steel which 


vas apparently meant to 


: ; act a column reinforce- 
Fig. 6—General scheme of reinforcing for rectangular po 
structures ment The failure began a 





Fig. 7—Photoelastic study of rectangular frame without fillets 


few feet above the level where use of the triangular hoops was discontinued 
This agrees with the model test results which are deseribed later. The hoops 
acted as fillet reinforcement 

In the structure shown in Fig. 4, where there was no fillet reinforcement 


the side walls were ripped off down to the hoppet level In addition to the 


absence of the fillet steel, poor provision had been made for propel anchorage 


of the steel which was used at the corners in these case 

The concrete in all of the structures was. of good quality ne of the 
structures with circular bins was about 35 vears old at time of failure, but 
examination revealed successive displace ments and inetfective attempts at 
repal All of the rectangular bins were only a few months old when the 
failed, but they had been filled with yrain In every instance of failure it 


appeared to be a case of Improper use ol good material 


PHOTOELASTIC STUDIES 


The general scheme of reinforcing for all the rectangular structures being 


considered herein is shown in Fig. 6 The structure shown in Fig. 4. wa 


\ 


even less effectively reinforced than the tructure hown in Fig. 5 Phere 3 
no reinforcement across the face of the fillets Since negative bending at the 
corners will cause tension in the face of the fillet concrete, eras king will start 
where there is a high concentration of stress and the crack will extend to the 
steel A stress concentration will then exist imi to that hown by the 
photoelastic study in Fig. 7 

Kig. 7 shows a photograph of the fringes developed by passing polarized 
light through a rectangular plastic frame which was loaded to simulate the 
outward pressure OF g1 inular material One side and part ol the two adjacent 
sides are shown It Is apparent that there is a severe concentration of stre ( 
at the reentrant corners which are in bending tension | iv. S show how the 
Iringes develop when fillets are pro ided, the londing hy ing thr ime as that 
used on the model shown in Fig. 7. Stresses at the corners due to bending 
tension ure not nearly s “eyere ts hown in Fig. 7 ithough str ‘ do 


concentrate at the nters f thr poicanae of the risiche | 
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Fig. 8—Photoelastic study of rectangular frames with fillets 


teference to the photoelastic model shown in Fig. 8 will show that cracking 
in the conerete will probably start at point A and will progress directly to 
the intersection of the negative steel at the corner. The stress condition will 
then be qualitatively represented by the photoelastic fringe pattern shown 
in big. 7. The steel will be highly stressed and the effective depth of the rein 
forced conerete section at the corner will be small, as will be demonstrated 
later The area of concrete at the outside corner of the frame will carry 
little tre The fringe photographs indicated how failure would oceur 


yyested that tests on model reinforced mortar 


The photoelastie tudies Sana! 


continuous frames would be helpful 


REINFORCED MORTAR MODELS 


The plan of a one-twelfth seale model is shown in hig +t To include two 
lavers of l4-gage steel wire the model frame was made 1.5 in. high. This rep- 
resents a frame section Li ft x 16 ft x 1 ft 6 in. high, the side slabs being 7!5 
in. thick, the fillets are 12 x 12 in 

The models were made of mortar mixed in the following proportion by 
weight | part water, 1.85 cement and 4.80 parts sand The sand was a 
well graded, exceptionally clean sand passing a screen with openings of 0.065 
in. This size permitted the mortar to pass freely around the reinforcement 


and between the reinforce- 


, ; 





ment and forms The 
cement was a high early 
strength cement 

\ hard grade of | 4-gage 
steel wire was used as re- 


inforceement in part of the 








models In the remainder 














a softer wire was used 


Table 1 gives the physical 


Fig. 9—Plan of scale model of continuous frame properties of the wire 





TABLE 1—PHYSICAL PROPERTIES OF WIRE IN MODELS 


Diameter \rea hlasti 
in sq in limit 


psi 
! 


Hard 0.00503 Q4 480 


Annealed 0.00503 50,000 &0.000 


The forms for the models were made of sheet steel formed in a sheet meta 
brake. The forms were carefully fitted and bolted to a poliate The model 
cast in these forms were very satisfactory and the forms were used repeat dly 
After each use they were carefully cleaned and oiled for reuse 

After the mortar was mixed, it was allowed to set, covered with wet burlap 
for | hr before placing in the forms. During this hour the mortar was thor 
oughly remixed every 15 min This operation Was meant to reduce the 
shrinkage that would occur during setting \t the end of | hr the mortar 
was carefully rodded into the forms after which the piate to v hich the form 
were bolted was vibrated with a small hand pheumatic Vibrator having 
frequency of 7000 small amplitude oscillations per minute 

Immediately following the placing and vibrating of the mortar in the form 
the models were placed In a Warm vapor! bath at LOO F for 24 hn \t the end 
of 24 hr the forms were removed carefully and the specimens were pl iced In 
standard log room until tested The damp storage Was in exce of 28 day 


The method of loading the models is shown in hig. 1O Phe loads wer 


applied to the strips of wood by small tubes. The load was transmitted to 


the model through a layer of sponge rubber The purpose wa 
load approximating a unilorm load 
big 11 shows a model that has bee n tested to failure n the foreground 1 
4a reintorcement cage like the one used in the mode! hould be note d that 
steel] lor reintoreing across 
the fillets has been pro 
vided This fillet steel es 
tends to the outside face 
of the model, thence pur- 
allel to the outside’ face 
until sufh@ent length has 
been provided to ade elop 
the strength of the wire 
in bond he photoelastic 
fringes in Fig. 7 and in- 
dicate that the fillet steel 
must check the opening 
of eracks which appear in 


the intersection of the sur- Fig. 10—Method of loading models 





face of the fillet and the 
inside surface of the bin 
walls 

hig 12 shows 4 second 
model that has been tested 
to failure. The load was 
allowed to remain until 
one of the corners broke 
away In this model no 
fillet reinforcement was 
used When Fig 12 is 


compared to the photo 





elastic fringe concentra- 
tions In Fig. 8, it is seen 
Fig. 11—Model with reinforced fillets tested to failure. that cracks should start in 


Reinforcement cage is in foreground 
the corners where the plane 


of the fillet surface inter- 
sects the inside plane of 
the walls 

Table 2 gives the data 
on the breaking loads for 
the various tests The 
percent ol effectiveness 1s 
obtained by comparing the 
total breaking load on the 
sides of the model which 
was not provided with fil- 
let steel to the total break- 
ing load on the sides of 


the companion mode| 


Fig. 12—Model with no fillet reinforcement tested to failure. which had been provided 
In this case the load was allowed to remain until one of the 
corners broke away. Reinforcement cage is in foreground V!! h fillet steel 


TABLE 2—SUMMARY OF TEST DATA ON MODELS 


Mortar strengtl billet Load on Load on Ratio of shor 
tee i 


at time of steel hort 1s, long 


spans, span to long 


testing, part | loads, percen 
6200) 


Seo) 


*“Group A made with hard wire 
*(jroup B made with annealed wire 
{Test cylinders were 2 x 4 in 
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Static and Fatigue Tests on Partially Prestressed 
Concrete Constructions = 


DAUL WILLIAM ABEL 


| 


SYNOPSIS 


Discusses an investigation of the essential features of partial prestres 


ig 
Statice and latigue tests 4s well as routine receptance tests are described 
A few of the conclusions drawn are (1) Cracks should not form in aecce pt 
ance tests under bending tensile stress of 750 to S00 pst for pre-tensioned 
wires or 650 psi for post-tensioned wires. (2) In the former case no eracl 
should form under fatigue loading corresponding to a bending tensile stre 
of 650 psi (3) When cracks have occurred and fatigue loading takes 

up to a bending tensile stress of 650 psi the cracks dis ippear on remo il of ft 
load and no noticeable deformation remains. (5) Several million repetition 


of the latignu load do not affect the subsequent staty 


INTRODUCTION 


An earlier paper! explained the difference between full and partial pre 


stressing (concrete bending tensile stresses under working load must not 


occur with full prestressing but are permitted with partial prestressing 
Since then, the author has made many tests to investigate the behavior of 
partially prestressed concrete under static and fatigue conditions. Permanent 


freedom from cracks can be attained in spite of limited, though not incon 


siderable, tensile stresses under working load Static failure tests were carried 


out in England in 1949 and 1951, and fatigue tests were conducted at Liége 
Jelgium, in 1951, which will be described In the practical application ol 


this system, many routine acceptance tests were made which will also be 


mentioned 


STATIC FAILURE TESTS—1949 AND 1951 


In 1946, the author conducted preliminary tests on prestressed railway 


ties,* loaded as simply-supported beams, when the extraordinary resilience of 


prestressed eoncrete Was ascertained keven “alter a loading “ high i“ SF 
percent of the failure load, when considerable deformation and heay. cracking 
had oecurred, the cracks closed up entirely and became invisible on removal 


of the load Based on this resilience and on the fact that cracks became 


visible at first loading at a tensile stress of 1000-1100 psi, partial prestressing 
*Presented at the ACI 50t ul convention, Denver, ¢ | ' ; 
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Fig. 1—Cross section of 1949 test 
beams 
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was accepted in 1948 by the Civil Engineer’s Department, Eastern Region, 
sritish Railways, as suitable for a number of high road bridges for which 
reduction of construction depth was essential. 

Full-size beams for bridge construction® were tested in 1949.4 These 30 ft 
long composite members contained tensioned and nontensioned wires (see 
cross section in Fig. 1) to provide partial prestressing. It was essential to 
investigate such construction before practical application, since it was con- 
sidered possible that permanent elongation might develop in the nontensioned 
wires, and consequently cracks would not close on removal of load. How- 
ever, these 1949 tests proved that the behavior of composite beams with 
tensioned and nontensioned wires was quite similar to that of precast beams 
containing tensioned wires only. On removal of loads of approximately 
80 percent of the failure load, the cracks closed completely; from this it can 
be concluded that the permanent elongation in the nontensioned steel was 
so small as to be unnoticeable and did not prevent complete closing of the 
cracks. The nontensioned wires were placed in “twin-twisted” pairs, with a 
pitch of | ft, to improve mechanical bond 

The stress-strain diagram of the wire (dotted line in Fig. 2) must be trans- 
ferred in accordance with the stresses effective at the commencement of load- 
ing to obtain the actual curves for the tensioned and nontensioned wires 
Assuming the effective prestress in the tensioned reinforcement as 110,000 
psi, indicated in Fig. 2 by A, then the curve exceeding this stress must be 
transferred parallel to the origin O,. The nontensioned wire is compressed 
somewhat during prestressing. If this compressive stress is taken as 10,000 
psi, indicated in the extended dotted curve by A’, then this curve has to be 
moved parallel to a new origin at O,. if tensioned and nontensioned wires 
are in the same plane, the elongations of both must be the same under load 
Consequently, in a cracked section in which such elongations occur, the 
stresses in the tensioned and nontensioned wires will differ only slightly when 
the stresses approach ultimate strength. This explains why the ultimate 
strength of both the tensioned and nontensioned wire is reached in most cases 
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Fig. 2—Stress-strain diagram of 0.2-in. diameter tensioned and nontensioned wire 


under ultimate load conditions In under-reinforced sections, whether the 
full strength of the steel is reached or not depends entirely on the efficiency 
of the bond of the wire, 7.¢., on its surface conditions and on the strength 
of the concrete 

The 1949 beam tests clearly proved the satisfactory cooperation ol tensioned 
and nontensioned wires. However, these test beams did not represent typical 
bridge construction since the nonprestressed concrete was added outside the 
precast member (Fig. 1); in bridges the additional concrete is placed between 
two adjacent beams Conseque ntly, bond failure between prestressed and 
additional concrete occurred in two tests at approximately 93 and 95 percent 
of the load at which ultimate failure was expected 

In 1951, new tests were carried out on 20 ft long composite slabs with a 
cross section as shown in Fig. 3, where the additional concrete was placed 
between the precast beams as in actual bridge construction These tests 
proved that the ealeulated ultimate load was fully reached: at the same 
time the other properties determined in the 1949 tests were confirmed. Two 
composite slabs were tested In one the additional concrete was the same 


as the precast concrete (mix by weight, 1: 1.25: 4; water-cement ratio, 0.40; 


prism strength at 28 days, 4300 psi); in the second slab the added concrete 


had a much highet water-cement ratio, half the cement with the same water 


content However, there was only a slight difference in the strength of the 
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Fig. 3 Cross section of 1951 test slabs 


two types of concrete, the reason being that the same aggregates were used 
and the concrete was well vibrated, thus driving out surplus water. 

Fig. 4 shows a load-deflection diagram (loading in English tons) for the 
test slab in which the strength of the added concrete was the same as that in 
the precast concrete. Three cycles of loading were applied before the final 
failure loading. The curve for the first cycle is shown twice (the dotted 
curves show the deflection on a large scale). It is seen that the deformation line 
is curved before cracks were noticeable. In addition, the concrete stresses 
calculated for a homogeneous section are shown for fiber 1 (bottom fiber of 
slab) and fiber 3 (bottom fiber of added concrete). It is seen that the load 
at which cracks became visible exceeded a concrete bending tensile stress of 
approximately 1000 psi, as ascertained in previous tests. Also, the caleu- 
lated average steel stresses, in percent, related to f, ,, the steel stress at 
failure, are plotted. They were computed on the assumption that in this 
under-reinforced section the ultimate tensile force equals the product of the 
sectional steel area and the strength of wire. The ultimate stress distribution 
in the concrete compression zone is approximated by a rectangle with a 
maximum stress equaling the concrete prism or cylinder strength. In the 
special case only, 98.8 percent of the calculated maximum was obtained, which 
may be explained by the lower steel strength. Fig. 5 illustrates the deformation 
of the slab. It ean also be realized from Fig. 5 that nonuniform loading may 
take place with such an arrangement, with the consequence that one side is 
strained to a much greater extent than the other. This will be discussed later 
when the third fatigue test is considered 


FATIGUE TESTS—1951 


Three composite slabs of the type shown in Fig. 3 were tested for fatigue 
resistance at the laboratories of Prof. F. Campus, Liége, Belgium. ‘The first 
two slabs were of the same type of concrete as the slab tested in the static 
loading test illustrated in Fig. 4. Both the precast and added concrete were 
made from a 1: 1.25:2.5 mix by weight using high early strength portland 
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5—Deformation of 1951 
test slab under static load 


cement with a water-cement ratio of 0.89. The prism strength of the concrete 


at the dates of the failure test of the two slabs were 5850 and 6150 psi 


re 
spective ages, 60 and 74 days The cold drawn wire had an ultimate strength 
varving between 200,000 and 210,000) psi, while the strength of the wire 
used for the static test (see lig 1) was slightly less than 224,000 psi In ad 


dition to these two slabs. tested in June and July, 1951] another slab contain 
ing concrete made with a Belgian sulfate-resistant metallurgical cement and 
with slightly different prestress due to different age was tested in November 
195] 

Fig. 6 shows the first two slabs being tested with the slabs placed in reverse 


position and the load applied from underneath. This allowed easier and more 


Fig. 6—Testing arrangement for 
fatigue test at Liege, 1951. Slabs 
were loaded from the bottom 
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thorough observation of the cracks in the tensile zone Previous to testing 
these two slabs had been deliberately loaded statically until a number of cracks 
developed, sO as to carry out the fatigue tests in a cracked state Such a 
test condition was considered essential because in a bridge cracks may 
develop due to an unforeseen higher loading, and then fatigue loading may 


tuke place under which these cracks open and close repeatedly Since the 


bridges were designed for a permissible bending tensile stress under the specified 


loading of 550 psi tension, the load corresponding to this stress was applied 
to the first slab in one million repetitions with the lower limit of the loading 
corresponding to 50 psi compression. During this loading, extending over 
approximately Ore Wee k thie cracks opened and closed one million times 
with four repetitions per second, except at special rest: periods In spite of 
this rather severe test, the cracks became invisible and there was no noticeable 
permanent set 


The second slab was tested in a similar way, but three million repetitions 


were applied Load-deflection diagrams for this test are given in lig ‘(in 
which the loads are plotted in metric tons The deflection curve A relate 
to the first static test when the load was increased until a number of crack 
had developed. The load-deflection diagram of line A shows a curved portion 
commencing at a relatively low tensile stress similar to the curve illustrated 
in Fig. 4. In this case cracks occurred at a tensile stress of 900 psi. This 
relatively low stress may be explained by the fact that the prestre sed beam 
for these two slabs were cast with a particularly dry mix in the bottom and 
there were a great number of cavities in the tensile zone, some of whi h were 
deep enough to allow a penknife to penetrate about 2 in After the first 
million rep titions ol loading these cavities were thoroughly filled with high 
alumina cement mortal The mortar was allowed to harden one day before 
the static failure test of the first slab and the second million re petitions on thie 
second slab his filling pro ed satistactors ince both test howed an 
excellent performance Ol the tensile zone of the COMpPOstle member up to 
failure 

Curve Bin Fig. 7 relates to the first static loading after completion of thre 
first million repetitions the latter being carried out within the ame limit 
as the fatigue loading of the first slab. At the second million repetition 
the upper limit of the loading was increased and corresponded to a nominal 
concrete tensile stress approaching SOU ps! which would occur it dead 
load plus 1.4 times live load Deflection curve C relate to the first stati 
loading of the third million of repetitions when the upper limit ol load wa 
further increased to correspond to a nominal tensile stress of approximate 
950 psi, 01 dead load plus 1.6 times live load In this case, it was necessary 
to raise the lower limit so as to reduce the amplitude to the maximum obtain 
able with the pulsator used However, this reduced the range of loading 

Just before completion of the third million of repetitive loads, two tensioned 
wires fractured in gaps provided for fixing strain gage Obviously, the 


fatigue strength of the steel was reached within these gaps where elongation 





Fig. 7—Load-deflection diagram of slab No. 2 for fatigue test 


Wil po ible, and the conerete, though well bonded to the wire, did not 
restrain its elongation as was apparently the case with the wires within the 
lal Immediately after the completion of the third million repetitions, the 
noticeable set due to deflection was relatively small, but the cracks did not 
become entirely invisible as had been the case after the completion of the 
first and second million repetitions 

Phe load-defleetion curve | was taken after the completion of three million 
loadings and is plotted in Fig. 7 on two different scales of deflection \ 
COMPArisOn Ol load-deflection curves A, B, C, and 1 illustrates the behavior 


of prestressed concrete at different loading stages and indicates the influence 


ol repeated aus well as increased loading hig r contains also Pa load-deflection 
curve leading up to failure. It will be noticed that the deflection was large 
and the failure load corresponds to a calculated “average tensile stress in the 


remaining 5S tensioned and nontensioned wires which slightly exceeds the 





ONCRETE 


calculated value based on the tensile strength of the steel. This stress was 
computed, as explained in connection with Fig. 4, on the assumption that 
both tensioned and nontensioned wires fully cooperate and balance the 
compressive force obtained for a rectangular stress block with a maximum 
stress equaling the prism strength of the concrete of approximately 6150 psi 
With good bond, and consequently greatly limited width of cracks, it often 
occurs with under-reinforced sections that the calculated maximum. steel! 
stress exceeds the ultimate strength of the steel This may be the effect 
of smaller contraction of the steel Within the short width of a crack the 
actual sectional area of the steel may be greater due to less contraction, and 
thus the stress be smaller than in a test specimen of normal gage length for 
which the stress-strain curve of the steel is normally obtained his strange 
behavior could be compared with that occurring in a notch of a tensioned 
steel rod; if the notch is relatively small, higher nominal stresses occur than 
the ultimate strength of the steel, the cause being that the actual contraction 
in the notch is less than that in an ordinary steel bar under the same stress 

In these fatigue tests the load was determined by gage readings at the 
jacks However, it was important to ensure that the desired load acted on 


the slab. This obviously was influenced by the frequency of the slab which 
changed with the extent of cracking. ‘This is a problem which requires special 


study, but it was outside the scope ol this test which was to find out whether 
cracks closed completely after repeated loading and whether such repeated 
loading in a cracked state affects the ultimate resistance in a subsequent 
static loading This was to be ascertained with the minimum of expense; 
consequently the endeavors were limited in these first two tests to whether 
the actual load applied to the slabs was in agreement with the load measured 
at the jacks To obtain this, the deflection under static loading and the 
amplitude under dynamic loading were repeatedly compared Thus, it was 
found in the first test that the amplitude under dynamic loading was consider 
ably larger than the difference in deflection between the two limits of the 
range of loading in the static test It can, therefore, be concluded that the 
actual loading was more severe than the nominal loading determined at the 
jacks. The amplitude was approximately 1.15 times the statie deflection 
With the second test, the amplitude due to dynamic loading was only 
85 percent, approximately, of the deflection due to static loading during 
the first one million repetitions, while the two values agreed well for the 
second million repetitions. However, with the third million, the amplitude 
due to dynamic loading was 35 percent greater than the static deflection 
within this range. Thus, it ean be concluded that the first million repetitions 
was within a range of loading less than that measured at the jack while 
the second million loadings were approximately in accordance with the 
assumption However, the third million must have been considerably in 
excess of the assumed range of loading, since the frequent comparisons between 
static deflections and dynamic amplitude showed a difference as great as 
35 percent Obviously, from this it cannot be concluded between which 
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specific load the actual fatigue test was carried out, but it can be assumed 
that the range was considerably increased, most likely with a reduced lower 
limit and increased upper limit 

hig. & shows the sets measured during the fatigue tests every morning 
before the pulsating loading commenced The loading was continued for 
12 hr. ‘Temperatures were not taken when the sets were measured, but 
the measurements were taken each morning at approximately the same time 
before any sunshine was apparent which could have influenced the set. These 
measurements commenced only at the later part of the first million loadings 
The ordinates in hig S represent the average distance of the slab at the cente1 
of the span related to a plane above the top level and were obtained as the 
difference of levels taken at the supports and the center. It is seen that the 
set gradually increased with an increase in the number of repetitions, but 
considerable recovery took place during the weekend when the specimen 
was allowed to rest Obviously, the daily measurements give only the com- 
parison of the state of test at the beginning of loading In fact, after com 


pletion of the fatigue loading the set must have been much greater than on 


the following Morning when sOme recovery probably had taken place, 


iis 
indicated in the graph for the third million loadings (The ordinates in hig 
8 represent the camber due to prestressing which is reduced by loading 
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Fig. 8—Cracks and recoveries during fatigue test of slab No. 2 





The third slab was tested in a different way, as seen from whiecl 
shows load-deflection diagrams The first million loadings took prise within 
a range corresponding to a compressive stress of LOO psi and a bending tensile 
stress of 650 psl The inclination of the load-deflection curve gradually 
changed from a line corresponding to the value of EF 6,000,000 psi to one 
corresponding to & 1,000,000 psi During the first million loadings no 
cracks ce veloped and the permanent set amounted to 0.04 mm (0.0016 in 
After completion of one million re petitions i stutic loading was carried out 
ind at a loading corresponding to a bending tensile stre ol 1000 psi ind no 
cracks were noticeable Phey became isible only it a load corre ponding 
to a stress of 1200 psi, but it can be assumed that cracks may have developed 
at a lower load where i kink in the load-deflection diagram oceu hie 
second million repetition took piace In a cracked tite within the Line 
range as the first million as indicated in the graph. Permanent set after 
completion of the econd million repetitions was 0.24 mm (0.01 in \t 
loading No. 2,047,000 all cracks closed up entirely \gain a statie load 
Wiis applied up to the same maximum as after the first million londings with 
little difference (1 ig. 9 The third million loadings were commenced within 
“a range corresponding to a larger upper load, as indicated in Fig. 9. When 
266,900 repetitions had been finished ( ifter loading No. 2,313,900, the 


cracks still clo ed comple tely and no ippreciable et occurred: the additions 


set measured at the 313,900th loading. before any recovet took place Wi 
0.65 mm (0.025 in Thus, the entire set was 0.89 mm or 0.035 in Hoy 
ever, on furthes continuing the fatigue loading, one ide of the lint wa 
strained gradually to a greater extent than the other and the eracks did not 
close complete but became wider and wider \pparent! bond and friction 
hetween wire ind concrete which wa originally Interrupted onl it the 
cracks themsel ve Wal gradually destroved in their neighborhood onal the 
<tee] failed by batignse imilarly to the two wire In test ib No. 2 Ciradual 
Increase In permanent deformation took place and distinet reports were heard 


vhen individual wire broke It was still po ible to continue with the load 


ing in the third rang ind to apply approximate 1233. OO0 turther repetition 


between the loading when the crack closed comple tely (loading No. 2.313.900 
and the state when a gre number of wire had fractured and permanent 
deformation with wi ‘ks occurred One could conclude that fatigue 
failure had already t lace at loading No. 2.437.000 | 
the deformation of th lal iter apparent 
shows a crack which vide at one ide of the ib and 3 narroy 
the other til indicates that the loading Vi ipparent not untiorm and 
one side j ih strained to a much greater extent than the other rele 
lo obtain more definite data about the oad ipplied to the third test 
lab e Fig. 9 pecial train and deflection measurement vere taken 
during fatigue loading at frequent intervals and compared with corresponding 
{ 


measurements obtained from statie loading, with a vie oO regulating the 


load at the jacks In the event of these strains and deflection differing between 
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each other by more than 
10 percent 

In Fig. 9 the load-deflee- 
tion diagram No. 2,422,300 
is also plotted, v.e., a load- 
ing before apparent fatigue 
failure took place, and when 
the permanent set had fur- 
ther increased by 11.37 mm 
O.448 in to a total of 
12.26 mm O.484 in 


Only those measurements Fig. 10—Deflection of slab No. 3 after apparent fatigue 
failure and 9 days recovery before static failure test 
are plotted where the 


temperature did not differ too much 


Nine days after apparent tatigue failure a static loading test was carried 


out, the deflection diagram of which is plotted in Fig. 9 \t the beginning 
of the static test, the increase in set, as compared with the state of loading 
No. 2,422,300, amounted to 11.06 mm (0.436 in ind the entire set was 
23.32 mm (0.918 in During rest a considerable recovery must have taken 
place and the load-deflection line is much steeper than at apparent fatigue 
failure; the maximum load reached exceeded the upper limit of the seeond 
range by IL percent 
When comparing the test results of the third slab with those of the othe: 
two slabs, it must be pointed out that the conditions were apparently quite 
different, mainly due to the fact that 
in the latter case the loading during 
the third million repetitions Was not 
uniformly distributed over both side 
of the slab: one side was loaded to 
a much greater extent than the othe 
causing an earlier destruction of bond 
adjacent to the cracks When con 
sidering the third range of the second 
slab, it must be taken into sccount 
that the range was reduced since the 
lower limit had to be raised although 
thr uppel limit was remarkably high 
llowever, eve thr second million 
repetitions ol he second slab, whieh 
corresponds approximatel to the 
second range of the third lab. wa 
completed without am appreciable 
permanent set. larly fatigue failure 


occurred i the t} ird =|; ly due taove! 
Fig. 11—Main crack of varying width in 


tressing at one part of the lal slab No. 3 after apparent fatigue failure 
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This gave a welcome opportunity to observe fatigue failure of a prestressed 
eoncrete structure 

It often is usual to ascertain the endurance limit (the stress corresponding 
to the upper limit of a loading for which no failure occurs) after one million 
or two million repetitions applied from zero to the upper limit. However 
this is of little practical use in prestressed concrete since the range should be 
chosen between actual limits, the lower limit being the dead load and the 
upper limit corresponding to maximum possible loading of the fatigue con 
dition, ensuring a sufficient factor of safety against failure The foregoing 
descriptions have shown some interesting features of these fatigue tests, but 
there are many strain measurements and data not vet evaluated which 


should vive further valuable information 


ROUTINE TESTS 


Routine saeceptance tests have been made by the Civil Iengineer’s Depart- 
ment, Kastern Region, British Railways, since early 1949 to check the quality 
of prestressed concrete. ‘These tests represented the manufacture of nearly 
3000 units between 12 and 102 ft long. One beam of each batch manufactured 
in the same pre-tensioned line was selected and subjected to a test loading 
corresponding to a tensile stress of 750 to SOO psi, the rate of testing being 
related to the actual effective prestress. Similar tests were made on individual 
large beams containing post-tensioning cables, the test load corresponding to 4 


tensile stress of 650 psl At such tests no cracks were supposed to occur, and 


the deflection should not be greater than the value corresponding to b 


3,750,000 psi. In many cases the deflection corresponded to FE values between 
5,000,000 and 6,500,000) psi 

In numerous similar tests between 1949 and 1952 it was not necessary to 
reject a single beam. In one instance the loading was sustained more than 30 
days with greatly increased deflection, but no cracks developed. The losses 
taken into account are based on strain measurements extending over a year 
and the various tests have indicated that the calculated values agree well 
with the actual tests 

Since 1952, in a few cases in different concrete plants, hair cracks developed 
under the required acceptance test londing There was always a special 
cause for this In one case, it was established that the cracks must have 
developed before the prestress Was transferred to the concrete, thus the 
cracks opened as soon as tensile stresses occurred and became visible at a 
loading corresponding to approximately 300 psi tensile stress \pparently 
shrinkage eracks had occurred due to lack of moistening between steam 
curing and the time when the prestress was transferred to the conerete. No 
further trouble has occurred since a sprinkler arrangement Was provided 
for curing the products In another case early cracking was caused by the 
tensioning stress applied being less than the stress required due to incorrect 
determination of the required total elongation of the steel 


These acceptance tests prove that strict Supervision Is essential, and that 
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it Is possible to discover any faults in manufacturing. Increased factors of 
saletv against cr icking and failure are often suggested since it 1s Impossible 
to rely on correct manufacture However, the author is of the opinion that 


in increased factor of safety does not prevent the occurrence of fault more 


SeCTLOUS than one would expect kor instance, the use of a wire with unsati 


factory surface conditions may cause slipping, particularly if in) addition 
the concrete does not attain the required strength Phus iti po sible to expect 
it high factor of safety against cracking on the basis of the design but the 
construction may crack even under the working load It 3 therefore, essential 
to obtain complet agreement between design ind mantlacture I} 
such agreement is ensured, there is no need to increase the factor of Lilet 

be it that against cracking or failure If, for instances freedom from crack 

under a loading corre ponding to a stress of 750 psi is ensure d, and this even 
for a sustained loading of 30 day one can be sure that no cracks will develop 
under a permanenth ustained loading corre ponding to OOO psi After the 
third loading test thre perm ible tensile stres for high road bridge Wil 


nereased from the 550 psi previously mentioned to 650) psi 


CONCLUSIONS 


(C‘onclusion 1 and 2 sre based on extensive routine acceptance tests of 
eoncrete made at different plant vith regard to pre tensioning ind to pre 
cast member with post-tensioning cables which are vell grouted due allow 
ance being made for the losses. Conclusions 3 to 10 are based on the thre 
fatigue tests deseribed. These important conclusion re obviously limited 
to concrete of a 28-day eyvlinder or prism strength of approximately 6000 
psi and to a modulus of rupture ol L000 psl, asce rtained with well-bonded 
pre tensioned and nontensioned wire This feature is of cardinal Importance 
ind it would appeal that the actual results are to «a certain extent due to 
the cooperation Ol nontensioned wire which seem to take up a great part 
of tensile stre just before the fatigue resistance of the tensioned wires | 


exhausted 
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modulus of rupture of 1000-1100 psi 

5. When cracks have occurred in a prestressed structure and a fatigue loading 
takes place with an upper limit corresponding to a nominal tensile stress of 650 psi 
the cracks become invisible on removal of the load and no noticeable deformation 
remains, even after the application of a million loadings. This limit may be increased 
even further 

6. Several million repetitions of loadings up to a limit not exceeding the load 
mentioned in conclusion 5 do not affect the subsequent static failure load, which is the 
same as if no previous fatigue loading had taken place 
7 Keven if the cooperation between wires and conerete is gradually destroyed and 
the approaching failure is clearly noticeable by large permanent deflection and wide 
cracks, the structure is capable of withstanding numerous loadings without failure 
(¢.q., 124,000), although one wire after the other may fracture. Obviously, this occurs 
only at a much higher loading than that mentioned in conclusion 5 

%. Kven after apparent fatigue failure, a prestressed structure of the type it 
question may be capable of withstanding a still higher static failure load than that 
corresponding to apparent fatigue failure 

%. Full cooperation of tensioned and nontensioned wires of 0.2-in. diameter and 
a strength of 224,000 psi and a concrete of 28-day cylinder strength of approximately 
6000 psi has been ascertained in static loadings up to failure (even after previous 
fatigue loading). Stress of the maximum tensile force corresponded to the maxi- 
mum tensile strength of the steel. (The nontensioned wires were placed in’ twin 
twisted pairs to increase mechanical bond.) 

10. Where the wire is not embedded in the concrete the cooperation is interrupted 
and conditions quite different from those with bonded wire apply, causing an early 
fracture of the wire. Consequently, in constructions in which the wires are not 
bonded, a much lower stress ought to be considered for the steel in the ultimate 
strength, z.¢., only the fatigue strength of the wire, which is approximately two-thirds 
of the static strength 
It must be added that all the conclusions relating to fatigue tests are based 


on a loading at which repetitions were applied continuously over many hours 


without rest. In practical use the conditions are quite different, except 


perhaps for some railroad bridges and special constructions, e.g., turbine foun- 
dations. Thus the loading conditions were much more severe than under or- 
dinary conditions 
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a tremendous number of test specimens would 


be necessary and observations thereon would 


extend over several years. An experimental 
likel 


project ce Ling 


would 


with 


program of this nature most 


into a Vast 


develop 


COMparatl ve characteristics of concrete id 


mixtures in general; properl it would: in 


clude pozzolanic materials subject which 


by itself is of exceedingly great scope. It is 


believed that if such a testing program were 


undertaken it should be truly comprehensive 


to establish all-inclusive proof concerning the 


ittmibutes of Activite Rather extensive 


testing facilities and certainly ample finan 


eal ‘upport would be necessar for sustain 


ing & long-term testing program of the type 


indicated later in this paper 


Study of the assertions made for Activite 

The subparagraphs appearing below dea 
with the Activits 
Althoug! 


various characteristics of 
When used as a concrete admixture 

each point concerning Activite received care 
was studied with refer 


establishe d ol 


ful consideration and 


ence to commonly LCCe pL d 


principles, it is obvious that only extensive 


’ 
laboratory experimentation will serve to prove 
or disprove the 


irious point It is apropos 


it this time to point out that recent experi 


Inge |] 
ip 4 


concrete 


s¢* has revealed that 


withstand 


mentation by 
(a) caleite does not 
effects of freezing-thawing action as well as 
conventional concrete; and (b) conerete in 


) 


corporating 25 percent ¢ ilcite as 4 portland 


cement substitute demonstrates considerab 
lower compressive strength than conventional 
concrete 

1. Activites 
is Obtained from Norwa It is maintained 


that this 


supposed! pure ¢ ileite and 


material reacts with the free lime 
int portland cement conerete and transforms 
that lime into a mineral substance which 
with unusual durabilit 


\etivite as an 


‘ ndows the concrete 
The optimum elect ol ulm 


percent (by 


ture SUppore all vhen used in amounts 


) 


of about 25 weight) ol the 


portland cement in the mix 
It is 


strength 


known that loss of lime results in 


decrense when about 50 percent 


of the original lime has been removed from 
average concrete, loss of stre ngth is Inevitable 


If calcium carbonate is removed from the 


concrete surlace bw the dissolving action oO 


*' Discover New-Type Cement, Norwegiar 
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from the 

ind will 
virtue of the CO, or 
When 


interstitial 


surface water, calcium hydroxide 
interior will diffuse to the surface 
ve cle posited as Cal'O., by 
carbonates 
Ca(OH) 
Vater within the 
ind additional Ca(OH) 


solution As a 


present in the water 
is thus transformed the 
concrets becomes less 
saturated goes into 
consequence there exists 
continuous movement of Ca(OH). from the 


interior to the surface of the conerete: the 


end result is loss of lime throughout the en 
Howe ver, this eon 


(al(OlH) to CaCO. is « 


tire mass of concrete 


version. of xtreme! 


slow 


Carbonation ilthough 1 COMMON process 


vhere conerete is exposed to the elements 


generally occurs in the relatively thin portion 


Comprising the exterior surlace; whe nh found 
to excess In connection with fractures in the 
concrete, carbonation is an indication of 
deterioration 


As far as known to the writer Activite Is 


pure calcite or CaCO It is inconceivabl 
therefore, thaf CaCO 
CalOH und 


bilit 


will react with CaO or 
is a result impart high dura 
to the coneret« 

The CaCO, found in concrete general! Is 
in the form of calcite which is innocuous as 
In this 


Activite in a con 


far as alkali-reactivity is concerned 


connection, the presence ol 
crete mix containing high-alkali cement and 
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basis from the vir Vpoint of imparting dura 


boalit to the conerete 


Activite 
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extraneous material in a concrete mix. The 
reaction supposedly involves calcite neutraliz 


ing humus with the result that adhesion of 


ut 
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cement paste to concrete ryregate parti les 


coated with humus will be possible; it is 


Claimed that adhesion is accomplished b 


binding of colloidal 


This is 


virtue of the idsorptive 


humus to the Aectivite particles 


| 
not a logical ¢ (planation 


As humus is the organic portion Of soll 


und is formed by the partial decompositior 


vegetable or animal matter, it appears 
' 


that Caco would react with organi 
More- 


impurities be- 
defined by 


unlike 


compounds usually found in humus 


over, the presence ot organ 


yond the allowable limits (as 


p. 392 


Jan. 1950, Proce V. At 
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cerned 
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is 
ird screen 


it is possible th 


plastiel i tl concrete 
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noted that the introduction 


dered materials ir 


Tria be Improved 


erent in fines general] siditiona 


mixing witer tbsorptive 
character of the presence oO 


idditional wate il in benefits uch beneficial « 
that otherwise would weerue trom. the pres pply to le 


ence of the admixture material wrote 


increased dryi 
If Activite is 


same volume y fit is I] + Impossible 


thie 


conclude 
Inert and if it se sa lubricant ( trengtl most 


example, an air-entraining agent. does). then 


and only then would its use ippear justifiable 


in regard to improved plasticit he con 
crete and lesser requirements 
However, CaCO resistant and 


may be altered | Vater containing CO 
in which case the H.CO, reacts with CaCo 
to produce soluble Ca( HCO 

4. It is contended that 
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ibalit counter 
KnOWn 


notably coarse 
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of whether the lime is redeposited as CaCO 


elsewhere within the mass or completely 


removed from it (see 1 above). 
The main cause of disintegration by sea 


water is a chemical reaction between the 
hardened cement paste and the magnesium 
This chemical attack 
consists of two principal reactions: (4) sea 
and ©,A 


compounds that expand by absorbing water 


salts in the sea water 


water sulfates combine to form 


of erystallization, and (b) Ie whing of lime 


either by replacement with magnesium or by 
CalHCco ) 
The formation of gypsum is accompanied by 


formation of the more soluble 


an increase in volume which action tends to 
crack the already hardened concrete; and the 
production of sulfo-aluminates causes swell 
The 
gypsum created in this transformation in all 
likelihood is 


abrasion as 


ing which is even more destructive 


washed away by wave action; 


well as freezing-thawing action 
hasten the 
that the 


into CaC'Os,, 


also would 
CalOH) 


would 


disintegration It 
secTn transiormation ol 
as outlined in | above, 


greatly increase resistance to sea water but 


unfortunately the absorption of CO, is too 


slow to be practicable in this respect 
In view of that no 


admixture affords complete protection against 


the above, it follows 
the destructive action of sea water and acidic 
waters 

7. Activite concrete supposedly 
that 
divided compounds used as fillers generally 


is highly 
impermeable. It is known finely sub 
result, in reduced permeability 
that Activite conerete, by 
better-filled tend 
toward improved impermeability But no 
data 
information 


Therefore, 
it is possible 


virtue of its pores, may 


permeability test were found (in the 


technical available) to support 
this contention 
8. It is alleged that 


high 


Activite concrete has 


abrasion resistance It would seem 


that the quality of high resistance to surface 


wear is not related whatsoever to the pres 


ence or absence of a comparatively Inert 


mineral admixture such as calcite Good 


abrasion resistance ot concrete depends upon 
aggregate particle hardness and toughness 


and basically is a function of properly-hy 


drated cement particles. By comparison, the 
Moh hardness of calcite is 3, whereas a good 
quartz is 7 

+2] lor 


mass concrete Purposes the state 


AMERICAN CONCRETE 


INSTITUTE December 


1954 
ment was advanced that Activite will insure 


lowest minimum good 


No specific data were presented 


cement content and 


workability 
and therefore it was not known exactly what 
“lowest minimum” cement content amounted 
Lo Howeve r, It is not uncommon to design 
mass concrete mixes (6-in. maximum aggre 
gate) on the basis of about 4 sacks of cement 
per cu vd It is not clear how the presence 
of Activite would warrant any lesser cement 
Activite is 


replacement of 


content unless the 


used as 
partial cement Pozzolan 
of the calcined opaline type have been used as 
replacement of portions of the cement, and 
lor lean mixes ol muss concrete pt rhaps ( ould 
satisfactorily replace as much as 50 percent 
of the portland cement As Activite is not a 
pozzolan, and is there Is ho evidence to in 
dicate that its properties simulate those of a 
pozzolan, it is doubtful that any appreciable 
will be effected 


by introduction of calcite in the concrete 


reduction in cement content 


mix 
Conclusions 


In general, the use of an admixture is 


warranted only if the standard ingredients 


do not economically produce suitisiactory 


concrete No admixture will remed) 


defects 


due to poor cement, excessive water, poor 
aggregate, Improper aggregate gradation, and 
similar discrepancies. To determine whether 
or not Activite imparts some special qualit 
to portland cement concrete, the necessity for 
extensive laboratory investigation is evident 
Judging the value of an admixture involves 
considerably more criteria than that of con 
It is believed essential, 
Activite 


the following characteristics of concrete are 


crete strength alone 


therefore, that the effects of upon 


basic to any definite decision as to the rela 
tive merits of the admixture 

Economy (1) Cement content and 
water-cement ratio 

W orkability —(1) Consisteney, (2) seyre ga 
tion, and (3) bleeding 

Durability (1) 


Weathering resistance 


(freezing-thawing, absorption), (2) chemical 


attack resistance (sulfates, alkali-reactivity) 


(3) abrasion resistance, (4) impermeability 
(5) volume change (thermal expansion, dry- 
ing shrinkage, growth, creep), and (6) bond 
to reintorcement. 

Elastic 


ity, (2) 


properties—(1) Modulus of elastic- 


Poisson’s ratio, (33) COMPressive 


strength, and (4) flexural strength 
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It is hoped that the foregoing discourse contemplate investigating Activite (Aktivitt) 
will serve as a suitable supplement to the as an admixture for portland cement concrete 


Wittram R. Lorman, Ma- 
terials I¢ngineer, Structures 
mation which appeared previously in the Research Department, U. 8S 


AC] Jor RNAI \ consolidation ol all these Naval ( ivil ngincering Re- 
search and Evaluation Lab- 
views may be of assistance to those who oratory, Port Hueneme, Calif 


presentation by Dr. Hognestad and to infor- 


Lightweight Prestressed Concrete (LR 51-10) 
1 read with interest Fred Kk. Koebel’s The writer’s ten gages were located at the 
irticle in the March 1954 JouRNAL.* \t- mid-length of the beam and third point 
tention is directed to the number of strain loading Wis ipplied by t testing machine 
gages used and their location on the beam Krom these ten measured strains an average 
The writer has had one experience that straight line was finally determined, not, 
was anything but good using type A-12, however, as easy as might be expected 
SR-4 strain gages in a circuit using a galva The writer is of the opinion that a percentage 
nometer and an Anderson-Fluke strain mete ol error as great as 10° percent could be 
to measure the strains in a prestressedcon- introduced depending on how the strains 
crete beam. In this investigation five strain were plotted and on how a straight line was 
gages were mounted on each side of a ree- drawn in 
tangular prestressed beam at approximately The writer notes that in Mr. Koebel’s 
the sixth-points The gages were attached investigations that gages were applied at 
to a smooth concrete surface that had been the outer fibers and some averaging was 
rubbed with an emery cloth, soaked with done It is suggested that future investi 
acetone, covered with Duco cement, a light gators use additional strain gages at various 
application ol acetone was applied, a final points on the sides of the beam to help them 
application of Duco cement was applied, when averaging to decrease the chance for 
then the strain gages were applied to this error from this source The writer does 
surface This was the procedure used in believe that measuring of concrete strains 
the MIT laboratories at that time Mr by electrical resistance wire strain gages is 
Koebel attached the gages to an aluminum — in itself not too accurate a procedure 
foil which was in turn attached to the it 


tVING B. Rau, New Orleans, 
concrets La 


—_ of Concrete Under Combined Tensile and Compressive Stresses 
(LR 51-11) 


G. M. Smith in the October 1953 JourNALt Denoting the bearing plate width, a; the 
has used an interesting piece of testing equip specimen width, 6; the specimen depth, d; 
ment and is to be complimented for his inge and the coefficient of friction between sieel 
nuity. He states that “friction between bearing and concrete, f; and assuming the line of 
plates and specimen has little, if any, effect fracture occurs at the middle of the bearing 
on failure.” The writer believes that the plate, one ma inalyze the problem as 
effect of friction between the bearing plates follows The frictional force opposing the 
and the specimen is significant enough to ordinary beam action is 44(faS,) lb per in 
require consideration of depth of specimen. The resultant fore 

*Koebel, Fred I Lightweight Prestressed Concrete ACT Jounnanu, Mar. 1954, Proe. V. 50, 1 

tRau, Irving B 4 Comparison of the Experimental and Theoretical Stresses in a Prestressed ¢ 
Master of Science Thesis, Department of Civil and Sanitary Engineering, Massachusetts Institut 
1949 


tSmith, G. M Failures of Concrete Under Combined Tensile and Compressive Stre 
53, Proc. V. 50, p. 137 
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ippaurently widel used ind have 


been, as My Walter 


simpler and less costly’? processes 


neve! 


stutes 


replaced b 


VALORE, JR 
Materials Engineer, Struc 
tural Engineering Section 
National Bureau of Stand 
ards, Washington, D. ¢ 


, 
LUDOLPH § ¢ 


V. 50, p. 77 
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British highway bridge loading 
Wituiam§ Hy ERA l 
( il Engineers (Lor 
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Ne M“ 


for loadings to be lesigning highwa 


inder consideration 


regulation now 


bridges are dis design loadings 


ire sippe sted lor ridges ’ » normal 
traffic i leanne 
(2.4 concentrated Cine 

AASHO lan louding: 
trafh 


whee ls 


te) riding 


identical with 


bridges subject to he ibnormal 


t train of four axtk eh with four 


simulating « moder trailer for 


hauling construction or other 
heavy loads 

Both loadings 
in American practi - noted, im the 
discussion, that ngland there are 
sorts of loads whi ected by the ral 


wavs and henee \ be transported o1 


the highwua quite the case in 


Ame riei 


Design tables for loads 
conforming to German Industrial Standard 
1072, Highway and Rural Road Bridges, 
Assumed Loads (Fahrbahnplatten von Strassen- 
bruecken. Berechnungstafeln fuer Lasten nach 
DIN 1072, Strassen—und Wegebruecken, 
Lastannahmen) 


Huner Rus 
Rh cconall f 


Highway bridge slabs. 
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Dams 


Photoelastic experiments on the stress distri- 
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Staaten von Amerika) 
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conclusion: deser 


in dam construc 


but not to tv 
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Injection system of the Vria-ll dam, Yugoslavia 
(Sistem zaptivanja na brani Vria Il, drugi deo) 


\ M J Va Grad 1 Belgrade 


lar. 1954 


tirnie ye Vin an imper 
blanke ol tt phalt concrete 
After 


Ol condition 


on a dam thoroug! 
eement 
recommended to prevent leak 
uplift Ninety-one injection 
ths of 43 to 5O ft 


to dey 
ind altogether 380 ton 


Gravity dam deflections 
ence Leviaveky, The Engir Lon 
N a ), 1054, pp. 41-45 
Keviewed } ARON 
ormula derived by author includes 


i two tuetor ‘ ternal witer pressure 


(both shear and moment effeets are used 
ina uplitt et the 


Young 


which sare in reasonable 


formula vields results for 


modulus, using observed deflections 


iyzgreement with 


values calculated by other, more compli ited 


equation for dams of various profiles \ 


method of adjusting for effect of partial 


reservoir filling, as in the Dam, is 


Sollingen 


also given 


Study of stresses in dams by a reduced-size 
model (Etude sur modele reduit des contraintes 
dans les barrages) 


Nizeny, G. Rens 
d Ponta et Chau 
51 


Ke 


discusses the 


onsiderable Space 


ect of three 


limensi DI 


pp. 408-422 nd to the ¢ 


VATLOUS Poisson’s ratios of the n 


or model (pp 130-437 
Second part is concerned 

rechniques the irious 
celluloid, plaster, concrete, cork 


pp. 034-552); methods of app 


model i VICes or measul 
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bibliography ot items is includes 
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in dam 


other 


Design 
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the membrane theor displacements 


the edge ire” established 
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the boundary conditions From the 


econa 


increment ot the potential ere 


face in expression is obtamed 


tructure and its minimum val 


solution for the eritical buckling load \! 


( imple of the eritical load of an arch witl 


illustrates the 


five faces 


— ' 
straightiorward 


method propose dl 


Statical theory of thin shells in rectangular 
coordinates (Theorie de la statique des voiles 
minces en coordonnees rectilignes) 
M LAYRANGUES Annales des Ponta 

Paris), V. 124, No. 1, Jan.-Feb. 1954, pp. 27-67 


Reviewed b An I 


Chauasees 
Minsky 


In previous paper (Annales des Ponts et 
Chaussees \ 123, No. 1] Jan.-Feb. 1953. 


pp 69-105: Current Reviews AC] 
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experience 
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Conditions of integrability of the tensor of 
total deformation in a finite transformation of a 
three-dimensional medium (Conditions d’inte- 
grabilite du tenseur de deformation totale 
dans une transformation finie d'un milieu a 
trois dimensions) 

( ARLI VPLATRIEI 


! . \ 


Note extending 


or infinitely sm 


ot finite 


deformation 

Method of characteristic coefficients for the 

computation of reinforced and plain members 
n Cjermar 


Hl. Sasee, Bautechnik-A 


xpressing the 


( pacity 4 


Formulas ure ( if ( ( 
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of rectangular reinforced concrete sections 


is functions of the dimensions of the section, 


the permissible stress ind 


Model analysis of structures 
r. M. Cua iW 


\bbore inter 
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or nse 
Issé ie of MUI 


eiitnill 


moment 


imple « to 


An electrical experimental procedure for de- 
termination of bending moments of statically 
indeterminate frames (Ein elektrotechnisches 
Experimentalverfahren zur Ermittlung der Biege- 
momente statisch unbestimmter Stabwerke) 

KK os, D Sau 14 


resistu 
rine 
NiLTT pie 
reat 


lor i 


Complement to the study of Vierendeel-type 
girders (Complement a l'etude des poutres 
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analysis of an system of two members 


joined by two vertical posts (which need not 


be parallel). Three numerical examples are 


nin some detail, and other interesting 


ipplications are suggested 
Design of staircases 


Kuvezra., Concrete and 


V. 49, No. 7, Jul 


onatructional Engineering 
1954, pp. 227-244 


AUTHOR 8s SUMMARY 


common method of designing stair 


| not usual to consider that the 


flighit “lily 1 supported it ite intersection 


with the walls or by cranked beams, or to 


illow tor the effeets of thrusts of the 
“laby The 
article take account of 


lab and also the 


intersection of the 


inter 


inclined method 


this 


“ec TiOns ” 
cle seribed Iti 


supports on three sides of «a 


Stpport provided b the 


flights with the landings 


Materials 


Production of lightweight aggregates 
H.G Rock Products, V. 57, No. 2, Feb, 1954 


Keviewed by Marrin Manet 


Discusses the rapid growth of the pro 


duction of lightweight aggregate from clays 


ind shales, and explains the difference in 


weight between lightweight aggregate and 


aggregate, which 
ihout 12 Ib or 


ultra-lightweight includes 


materials weighing 
Although iggregate is 


i cellular material, it is heavier than the 


less pet 
eu ft lightweight 


also 


ultra-lightweight aggregate, but considerabl 


lighter than sand and gravel 
Output of gyratory crushers 


Ih. Gs I Engineers 
\p 


Londor 7 Vo. 4605 
I Mths 


\n il 


ers, Which are 


tical investigation of gyratory crush 

basicalls 
176, No 

156-458; 


considered as jaw 
1576, 
Oct. 16, 
AC] 
50, p. S15) in 


crushers 
1577 


1053 pp 


(Engineering, \ 
(det %, 19553, pp 


185-486; “Current Reviews,” 


14, Pro \ 


number of 


JOURNAL, Nia 


which «a large elementary jaws 


operate In SUCCESSION 
Note on the nomenclature of the calcium 
silicate hydrates 


KR. H. Boaus 
No. 14, Dee 


VM aygazine of Concrete Research 
1054, pp. 87-Y1 


London), 


AuTHOR'8 SUMMARY 


Because of the ambiguity in the designation 


of a number of the calcium silicate hydrates, 
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Vecember 


a system 1s proposed to overcome the con- 


fusion Tables are presented listing the 


calcium silicate hydrates generally conceded 


to be distinct phases, together with previous 


designations mineral method — of 


ntheticall 


names 


preparation when produced — s) 


and some of the optical and cryst illogr iphic il 


characteristics 


Importance of the different modifications of 
calcium sulfate for the setting time of cement 
(Die Bedeutung der Calciumsulfatformen bei der 
Abbindezeitregelung des Zementes) 


(3. Mussanua, Zement-Kalk-Gip Wiesbaden 
Pagungsnummer, Apr. 1954, pp. 177-185 
Reviewed by H. H 


ee 
WERNE! 


of the different modifications 
sulfate for the 


influence 


a he 


of caletum setting time of 


cement was demonstrated on old and ne 


results Former investigations were con 


firmed that gypsum (dihydrate 
retarder It is 


is the surest 


recommended to keep the 


yrinding temperatures below 7O © to avoid 


setting irregularities. Setting time may also 


be regulated with semihyvdrate and artificial 


inhydride. Changes in setting time originate 
in the transformation ot 


alkali-oxides 
avoided by 


small amounts 


into carbonates und crab 
transforming the alkali-oxides 
into sulfates in the kiln 

For the evalution of the sometimes occur- 
before 


Vicut 


a plunger of 3-mm diameter 


ring thickening of the cement puste 


the normal setting, the use of the 


ipparatus with 


Is recom nded 


Processing sand from ‘‘coral'’ rock 
Warren B. Lenuanr, Rock Produ \ 
June 1954, pp. 101-102, 115 
Reviewed | Mian 

A good 
process from which two sizes of sand are made 
The 
oolithi 
that «are 


tough 


description of this underwater 


a& masons sand and a concrete sand 
material quarried is classified as an 
inclusions 


hard, 
aggregate It is 


limestone with coral 


sometimes quite large and an 


excellent almost white in 


color and sand processed from the 


about 40 


The remaining total is processed to produce 


pit-run 


constitutes percent of the total 


two sizes of aggregate Jasically, the mining 


operation consists of stripping, then after 


an arena has been loosened by blasting, the 


material is excavated by dragline and piled 
to drain. After a month or more, the material 


is loaded and hauled to the processing plant 
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gations on «air-entraming 


Ielsner): 


erete 


stresses and reinforcement in con 


discussion of and 


Weil): 


i studs of a section of the 
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lanes which are keye 
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method 
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been to cut all joints i 


Thus when 
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the join t 


following, the sawing beginning 
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earl ilternoon ending at 
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Phe flat perimeter track o 


disused Lindl 


urheld was converted to a test track on which 


ivernge speeds of up to mph ind 


balanced speed of S4 mipt ( 1 be attained 
Design and construction of thi facit ire 


deseribed 
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Hollow prestressed concrete pile 

Civ Engineering and Public Worka Revieu 

V. 49, No. 572, Feb. 1954, pp. 175-176 
Keviewed by 


London 


James MICHALOS 


An English company has 


ae veloped i 
hollow prestressed conerete pile composed 


of precast units 5 ft The pile has a 


square section with a cavity of 


long 
16 in 12 in 
diameter. The pile length is made up of a 


head unit, an underhead unit, a toe unit, and 


one or more intermediate units as required 

In dealing with prestressed piling, one of 
the prim ipal proble ms has been the extension 
of the pile if it is found to be too short in the 
Provision has been made for serew- 
blocks 
linked 


and the pile 


driving 


ing mild steel bars into the anchor 


in the head unit These bars can be 
in the conventional manner 


lengthened as required 


New type of concrete pile: 
prestressed hollow pile 
The Dock and Harbou tuthority, Jan. 1O54, py 


I 


the Stent-Sykes 


$00, 275-276 
APrLir 


\NIipecuantos Review 
Mua 1U54 


hollow 


prestressed ind 


Describes a new type ol concrete 


pile which is sectional 
(1) Hollow piles 


can be made longer than solid piles of the 


Advantages are as follows 


same weight (2) Hollow piles, being lighter 


for a given length, are easier to handle and 


cheaper to transport (3) A sectional pile 
is flexible and economical, as standard units 
can be quickly assembled to any 
length (4) No 


le ton need he 


require a 
unit) weighing than 


handled im the 


more 


lactors 


Prefabricated system of prestressed concrete 
construction 
Engines ondon 98, No. 5136, J 


Minsky 


Describes the “Intergrid’”’ svstem, suitable 


for buildings up to four stories high. Standard 


precast conerete units ire issembled una 


prestressed on site to torm floor and roof 


systems which consist of perimeter (boundary) 


beams, primary beams spanning between 


boundary beams, and secondary beams span- 


ning between primary beams An unreimn 


forced concrete slab is placed in the squares 


thus formed and grouted in position to form 


a rigid monolithic horizontal slab Beams 


ire actually open-web = trusses, to aecom- 


depth 


Columns are also precast prestre ssedl sections 


modate utilities within structural 
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with heads designed to receive beam ends 


various types and with sides design: 


ittaching the precast cladding units 


Losses in prestressed concrete beams 


Henry J 
‘ 


Cowan, The Engines London 


No. 5146, July 2, 1954, pp. 5-7 
teviewed by Aron I 


Three 


compression 


types ol loss are analyzed 


(elastic contraction occurring 


when cable load is transferred from external 
inchorages to 


concrete in pre-tensioned 


beams), shrinkage, and creep Four t pes ol 


beams are investigated: (1) uniform pre 


tensioned beams not carrying their own 


weight, (2) eecentrically pre-tensioned beam 
carrying their own weight, (3) post-tensione¢ 
and 4) p 


bars not gro 


beams, with the steel grouted 
tensioned bn “ums, cables Or 


hive 


illustrate use of 


numerical examples are worked 


formulas developed 


ifford a comparison of the effeet of the 


luctors 


Creep tests on prestressing steel 

I W GirroRD Vagazine of Cor 

London No. 14, Dee. 1954, pp. 71-7 
Aut 


Details are given of tests on 0.2-i1 


eter prestressing steel maintain 


ipproximatel constant strain to deter 


the relaxation of stress if Various 


loads, including the effeet of initia 


stressing \ special testing technique 


le veloped facilitating a simple but sé 
method of 
which 


good 


measuring the force 
sufficient 


value the 


In tt 
were ol uf length te 
iveruge eflect otf 
Statical indeterminacy—the foundation of 


prestressed concrete design 


r. O. Lazaripes, Canadian Cor 
Concrete. University Extension. 
1954, pp. Gael -Ga-15 


The concept ol prestressed eonecrets 
i statically indeterminate structural mat 
ind outlined, It is define 


with the 


is introduced 
walogy concept ol ou 

This Cori 
ancl the pri 
illustrated by ex 


indeterminate structure 
offered as a new design tool 
involved are imples 


Report on prestressed concrete research 


4. L. Parme, Canadian Conf n | 
Concrete, University kextensio j sity of ‘J 
1954, pp. H-1-H-9 

he VICWs briefly some ot the 


recent 


on prestresse d concrete 





CURRENT 


Prestressed concrete (Spannbeton) 


M is VDI j 
Ml ™ 


I Luesse rf 46, N 


{se 
Mirsky 


irticle covering the t 


pes 
l 


titi 


ind partiall 


i 


pre stress 
| 


° and 


ressing (full 


a brooricle ind 


post-tensione 


s, wires, and cables anchor 


mal 


ine hor 
Articl 


end 
d 


ISS1On) 


Various stems 


especiil Wel overt 


vith disc of 
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Note on the observation of the setting of 
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(Note sur l'observation de la prise des ciments 
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Islands. 


details are 


Canary Design information and 


reinforcement included 


use 


‘ 


Concrete shields—their preparation and 


Hanoip 8S. Davis, General Electric K 
Sept. 1954, py 14-45 
Reviev by Ane 


O. Oy 


A not-too-technical article concerning 


selection ol iggregiutes lor concrete lor 


nuclear reactors Cost conseiou 


shite lding 


ness permeates the article 


Concrete mixing plants (Betongstationer) 
H. Kovusreptr, Be y (Stockholm \ : 


19534 pp. 65-04 


Reviewed by kivinp Ho 


Advantages of mechanizing concrete pro 


duc tion are disc ussed ind desi ible ( h iracter- 


istics of modern mixing plants are deseribed 


The principles involved in the design of mix- 


ing plants are outlined and various practical 
experiences and improvements are reported 
Several plants erected on the construction 


sife in recent years re ce seribed 


Cut costs and prices with good form design 
Josern R. Procror, Contract if} 
Ne May 1054, pp. 24-2 


\ general ce scription ol CONS 


iT 


necessary for economical design 


orms 


Mechanical strain gage 
Engineering (London), V. 1 
1954, p. 791 

hte 


Brief description of inexpensive 


more-like gage designed for taking 
in succession at large number of poi 
200-400 


concrete structure rapidl 


ind with reasonable $ 12 psi recurne 


High-pressure steam used for 44 years 


V. 61, No. 9, Sey 


( 


Describes operations in 


plant, with special emphasis 


steam curing set-up 


Pitfalls in Alat-plate construction and how to 
avoid them 
STEPHEN WD 


\ 1 
y ] ! 


Stress analysis require 


capable engineer backed b 


empirical coefficients ma 


errels bottom 


Top and 
sufficient lap and = altern 
should be extended into the 
panel, or bent up \etual 
enect 


bars need to be ¢ full 


for thin slabs Some method 
ire questionable since the 


ment 0 renmniorcement 
Vigilant fe d control hi 
be in charge of an engi 
designer arm 
work, and has «a sufficient 
details ( 


Inspector 


qualified is i 


pectors lor 
quires an 
ind it is suggested 
eonerete companies i 
sealed, tested shipments 
ders should be taken, hand 


competent parties unde! 
When form 

reshored to the 
should be re 


, , 
loads above 


engineer 
should i 
two stones 


support 0 


made for the improvemet 


building codes 





